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THE rapid development in modem ideas of sewage purification 
by bacterial processes necessitates a careful review of the 
methods of disposal at present sanctioned. The important 
reports published by the London County Council, Manchester, Leeds, 
and other towns in this country, as well as those of commissions appointed 
by sanitary authorities in the United States and on the Continent, and 
the frequent discussions and papers in the technical press, lead me to the 
view that a resume would be acceptable to a wide class of readers in this 
country. 

The Royal Commission at present engaged on this subject will, no 
doubt, carefully weigh the evidence which is being placed before it, and 
we may confidently expect that its conclusions will be in accord with 
those obtained from the experiments which have now been carried 
out on sufficiently large a scale to establish the safety of embarking on 
the treatment of sewage on bacterial lines for even the largest centres 
of population. 

The theoretical basis of the bacterial changes, so far as they have 
been at present studied, must underlie all the practical schemes which 
may in the future be put forward, and it has been my endeavour in 
the following pages to deal with the subject from this point of view. 

I have to thank many friends and firms for information and the 
loan of blocks, and also my assistant, Mr. C. G. Stewart, for helping 
me in preparing the work for the press. 



SAMUEL RTDEAL. 



28 Victoria Street, 
Westminster, 

May, igoo. 
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PREFACE TO THE SECOND EDITION 



THE rapid sale and early exhaustion of the first edition, both in 
England and America, give an opportunity for the revision of 
the whole work and the inclusion of fresh matter that has since 
been published. Owing to kindly criticism, with contributed facts and 
suggestions from professional friends in various countries, I have been 
enabled to add much further knowledge, both in theory and practice, of 
the remarkable development of bacterial treatment of sewage up to the 
present time. It has not been necessary to alter the statement of 
principles, such as those of the stages of purification, which are now 
almost universally acknowledged. 

By condensation of parts of the earlier edition I have found room for 
much fresh matter, as the aim has been to convey within a small space 
as much information as possible. 

I have to thank various firms who have lent blocks, and the Main 
Drainage Committee of the London County Council, who, through Dr. 
Clowes, have furnished the plates of bacteria to illustrate my accounts 
of their useful work. 



SAMUEL RIDEAL. 



2S Victoria Street, S. ^< 
June, i^i. 
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CHAPTER 1. 

No living being can be healthy while the products of his 
vital action are allowed to acciimiilale round him. 
Even the lower organisms ;ire injuriously affected by 
tlie continued presence of their own excreta, so that if they are 
kept in a confined space, they gradually die off. In the case of 
higher animals the earliest remedy for such self-poisoning has 
been migration, but with the increase of numbers the opportunity 
for this has become more and more limited, and "murrains" 
and other pests have set in as a consequence of overcrowding. 
I With man there has been the additional burden of the refuse 
Bof his industrial occupations. 

Sir William Preece's address at Southampton drew attention 

I the injunction of Moses that unclean matters were to be 

Icarried outside the ramp and burnt, and the necessity of this 

Iwill be recognized by anyone who has seen in Eastern towns, 

land even sometimes in British villages, unremoved heaps of 

I decomposing and disease- producing filth. But the cremation 

lof such products requires much fuel and produces intolerable 

odours, hence the primitive mode of disposal of effete matters 

consisted almost entirely in the very effective method which is 

still in use in dealing with the dead, namely, a committal to 

earth. Deuteronomy xxiii. 12, 13, enjoins that all excreta shall 

be covered with earth, following the natural instinct of many 

animals. It will be noticed that this instinctive effort to cover 

I the dejecta is most prominent in the carnivora, in which the 
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matters are most nitrogenous, and therefore more highly offen- 
sive, whereas in the herbivora no such natural propensity is 
observed. 

In the case of pastoral populations depending on springs and 
wells, water was too scarce and valuable to be purposely 
polluted. Those residing on the banks of rivers also refrained, 
to a great extent, from casting their refuse into tlie streams used 
for their batliing and drinking, and, having access generally to 
an ample amount of open and porous soil, employed what we 
may call the earth system. As soon as a portion of the popula- 
tion, for protection or convenience, became aggregated into 
settlements, it was early found necessary to set aside certain 
special places for the reception of refuse, hence the midden 
heaps that ha\e been widely discovered in the neighbourhood 
of aboriginal villages. After a time for human excreta ditches 
or trenches were dug, from which the products of decomposition 
either sank into the surrounding soil, or found an outlet to some 
watercourse. In many cases the trenches were at length filled 
in with earth, over which a rank vegetation grew, and the soil 
became gradually purified, a plan which is still followed in the 
case of temporary camps and in Eastern villages. At a later 
stage, when the progress of civihzation necessitated the use, for 
washing and cooking, of a large quantity of water, isolated 
inhabitants found it difficult to dispose of the liquids, tlierefore 
great pits were dug to receive them, and to keep the rain out 
were roofed over with beams and earth. At a stili later period 
these excavations were lined with brick, arched over, and con- 
nected with the houses by brick or flagstone drains. No cement, 
as a rule, was used in the construction, as it was found that if 
the sewage sank into the earth less frequent emptying was 
required. Moreover, if the receptacle or cesspool were made air 
and water-tight by cement, it was necessary to provide a vent 
for the large quantity of gas thai was generated in the decom- 
positions. I can record a case where a cemented cesspool in the 
north of England regurgitated a large quantity of sewage into 
the cellars of the house, although the pit had been recently 
erected, and was by no means full In other cases iinventilated 
cesspools have filled the basement of dwellings with sewer gas. 

For houses in isolated positions the cesspool, till lately, was 
the only available means of sewage disposal, and architects ■md 
others spent considerable time and skill upon its design in the 
ictorian period, when sanitary progress first d: 
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attention to its importance I give the following as an example ■ 
of its successful use, which is interesting on account of its being 

I antecedent both to tlie French " Automatic Scavenger," to be | 
described in a subsequent chapter, and to the modem " Septic i 

' Tank": — 

In 1858, a large school in Derbyshire, situate on the top of a ' 
lofty hill, surrounded by its own land, but at a distance of two 
miles from a small river which ran through other properly, had 
to provide for the sewage of 250 to 300 persons, and the drain- 
age from a farm. The water supply was adequate for ordinary ' 
needs, but not sufficient for water-carriage of the sewage. A 
very large cemented brick pit was constructed underground, and 
arched over, at the back of the buildings and 200 yards from 
them. Into this the whole sewage passed continuously. When 
the floating gauge indicated that the pit was full, the whole , 
contents were pumped out from a point near the bottom, and 
discharged by pipes over cultivated slopes, finally filtering 
through a gravel and chalk soil into a moderate-sized reservoir 
in a clayey valley at the foot of the hill, where it mixed with 
water derived from springs and a rivulel. The mixed water was 
clear and bright, except for an occasional turbidity from the 
clay. At the periods of emptying no nuisance occurred ; some- 
times a faint, earthy odour was noticed when the wind was in 
I the direction. 

But in towns, the crowding together of cesspools renders a \ 

I large area of soil waterlogged with black and fetid matter, 
which undergoes little or no oxidation ; while the periodical 
clearing out may be an offensive, and sometimes dangerous, 
process. At Hampstead. for instance, in a sandy soil, cesspools ] 
were formerly almost universal, and were thickly distributed, so 
that the earth, and often the basements, were heavily inliUratcd ; 
it is needless to say that most of them have now been removed. 
A striking example of the pollution of a deep well by leaky I 
cesspools occurred at Liverpool in 1872, The Dudlow Lane I 
well, in the new red sandstone, 443ft, deep, by continuous I 
pumping had dried up all the private wells in the neighbour- 
hood ; these were afterwards used as cesspools. As a result, I 
the water in the deep well became polluted, and in a few years ] 
after its construction it had to be closed. On diverting the J 
drainage from the cesspools the water was so improved that it J 
was considered safe to resume its use. 
In France, and in some places in England, where cesspools I 
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are common, they are emptied on the " Pneumatic System," A 
laige barrel is exhausted by an air-pump, and a flexible tube 
connected with it is passed down into the cesspool. On open- 
ing the tap, the liquid is forced up into the barrel without 
effluvium or exposure to air. 

For many reasons it became necessary- to organise a regular 
system of drainage by sewers. But the difficulty was still not 
overcome. In the ramifications of these canals a good deal of 
leakage occurred. The construction of traps to intercept the 
gases, and of ventilators to remove them, was for a long time, 
and in many parts still continues to be, very imperfect ; in fact, 
ihe ventilation question is only now showing signs of solution. 
The greatest difhculty. however, arose when an outlet had to be 
found for the immense volume of the sewage of modern towns. 
To discharge it untreated into rivers, unless of many times the 
capacity of the sewage, and well oxygenated, converted the 
stream itself into an open sewer. It will be in the memory of 
many Londoners how black and offensive the Thames was 
formerly between the bridges, and even in 1894 the Seine near 
Paris was so polluted that Dr. Billings observed. " Bubbles of 
gas from the putrefying slime at the bottom escaped from the 
dark surface, and no &sh could live in il," affording an example 
of a bacterial process working naturally, but imperfectly and 
under improper conditions The Irwell, at Manchester, in 1893. 
was practically sewage, as the following analysis by Hepworth 
Collins {Trans. San, Inst. i8g2, p, 196) will show:— Total 
solids, 160.6; consisting of organic 59.6, mineral loi.o ; sus- 
pended solids 29.6 ; ammonia free and albuminoid agcw ; 
chlorine 11.9; oxygen absorbed 4.90. 

The danger of sewage mud banks is well shown by an 
example from America. 

In 1899. afler a channel had been dredj^jed through a bar of 
sewage deposit near Port Huron, the typhoid rate at Detroit. 
60 miles below, showed a great increase. Ihe first death occurring 
50 days later. Prof. G, S Williams calculated that the pro- 
bable periods required for the flow and distribution of the 
water, for tlie development of the typhoid bacilli, and for the 
I fever to terminate fatally, would be 10, 14, and 25 days 
Espectively It was also learnt that every other case of dredg- 
ing in the St, Clair River, above the Detroit intake, had been 
followed by a marked increase in the typhoid fever rate in that 
pity. 
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Lortet* showed that sewage mud banks frequently con- 
tained living pathogenic forms of bacteria. Therefore the fact | 
that thorough sedimentation may take place in a few miles f 
ts no guarantee of safely at points below, but may be even a I 
source of the greatest danger in times of flood. 

But towns and cities are not the only sources of pollution. 
How far the upper reaches of rivers and streams are contam- 
inated may be judged of from a report by the Medical Officer 
of Health of East Sussex. 

"The tilth from Tarmyards is, as a rule, allowed to gradually 
soak away in an unpaved and undtalned yard, or is washed by 
repeated rains into the nearest walercourse or pond. Farmers con- 
sider it necessary that cattle should thoroughly Iread the straw and 
other litter into liquid manure, in order to render straw more easy 
to undei^o decomposition in the ground. Meanwhile the cattle 
may be seen standing in the liquid filih, which in splashing adheres 
to the udder, and may easily become mixed with the milk. Such 
a yard is a constant swamp, and the alternate wetting and drying 
of the soil so essentia) Tor oxidation and lor renewal of living 
organisms never takes place. The farmer will not listen to the 
suggestions that slinks and the evaporation of ammonia mean direct 
monetary loss, and ihe land is deprived of the value of manure as 
long as it is kept off the fields." 
The substances that have to be dealt with in the purification 
of sewage may conveniently be arranged under the heads of : 
(a). Excretory substances. 

I Solid faeces consist of nitrogenous partially digested 
matter, with vegetable non- nitrogenous residues of the food. 
The former are easily liquefied, but the latter are slow in dis- 
solving, being gradually attacked, chiefly by anaerobic bacteria. 
and broken down into soluble compounds of fetid odour and 
into black amorphous flocculi, which slowly deposit as black 
sludge. 

2. Urine is the main source of ammonia, from fermentation 
of the urea : the proportion of urine being approximately 
indicated by the content of chlorine in excess of the content of 
chlorine in the water supply of the town. 

(b). Household awe//'.— The Inrger solids pass to the ash- 
pits, but the drainage of these and sometimes their washings by 
rain, are received into the sewers together with the discharges 
from sinks Vegetable refuse yields a lifjuid which is very fou! 
and fermenting, developing bntyric odours and sulphuretted 
hydrogen Fragments of animal food putrefy and furnish a 

'P^iHi'stnk Boilttw1l\, Mud"/ I'll Lakr pf Ciuva. Cenlr ( Pak 
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product allied to that from fxces. The amount of soap-water ^^^| 
varies with different days and times -. its advent Is often con- ^^^H 
spicuous in sewages of small volume through the white II 

opalescence of the effluent, the alkalinity and odour — the latter 
I occasionally indicating scenis or disinfectants. Household | 

^^K discharges other than urine may also temporarily raise the ^^^| 
^^M amount of chlorine. ^^H 

^^1 (e). Rain and stortii-waler. ^^^P 

I (d). Grit and deintus. ^^| 

{e). Manufacturing wastt poducls. ^^H 

' The entire refuse will in practice be separated into fractions, ^^| 

P which will differ in character according to the size of the 
community and the system of disposal adopted. I shall have 
occasion in Chapter VTII, to refer to the disposal of the grosser 
solids. 

Street cleansing is also included in the general processes of 
scavenging, and results in a semi-fluid mixture, which often 
constitutes an im|)ortanl feature in the sewage. Mr, T. Bashill 
points out that although street dirt consists of the wear and tear 
of macadamised roads, less from granite and wood pavements, 
least from asphalt, together with the sand used to prevent 
sl ipperiness, they are comparatively of small account when con- 
trasted with the great bulk of the horse droppings, worked up 
1 by wheels into stusli in wet weather and ground into dust in 
I'tfry. He adds that — 

" Droppings shtfu/.l bf eotlected Iresh^ and wouU thru fiirm 
valuable manure, and the manufacture of muck dust would he pre~ 
vented. In trading streets there was a serious addition of animal 
and vegetable refuse, which would not exist if ihe law were properly 
enforced and special arrangements made for its collection. Clothes 
were fouled by the street din, which was carried into houses in 
several ways. The effect of street dust on food in the houses would 
be an interesting inquiry."* 

"Stale of the London Slreets." Ssn, Institute, February ijth. tgoi, Mr. 
Weaver staled thai he got 4 tons of horsedroppings a day per mile off the 
Kensington Road. He was now devising a street orderly 10 go under Ihe 
kerbstODES. Major Isaacs ( Holborn) thought ihe great factor in the superior 
results at Paris and other continental cities was water, which was an expen- 
sive tiera in London, moreover, was legally restricted on ibe ground of 
injuring the sewers His contenrion was that the nielropoJilan sewers were 
the proper receptacles for one-half ibe refuse of T.ondon, and, K'ven water 
and the use of the sewers, the problem would be solved . Mr Nisbel Rlair 
(St. Pancras) pointed out ihat o'l the conlincni the pulice wi-re much slriclor 
on householders, and that, as to increasing the water used, all of it had 10 be 
pumped op again by ihe County Council. 

Also see p. 154, Chapter VIIJ The mode of eolleclina dust in London 
has often been condemned See an ariicle by K W Syers. m ti . Putlif 
Hnllk. April, 1901. p $13. 
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Its constitution is complex, including abraded clothing and 
wood, castings and emanations of men and animals, and particles 
of soot, iron, earth and stone ; it is usually worse, especially from 
wood pavements, than an average sewage. Samples taken during 
rain have contained 18 to 30 parts per 100,000 of chlorine, 2 to 3 
of albuminoid ammonia in solution, and as much as 80 to I20 of 
organic solids suspended and dissolved, all of which were 
formerly swept into the sewers and occasioned serious blocking 
and deposits. Col, Haywood states that previous to 1877 there 
were no catch-pits in the city of London except to gullies 
connected to small pipe-sewers ; now, however, nearly all street 
gullies are formed with catch-pits, which are emptied at intervals 
by iron spoons and the contents transferred to mud carts. The 
chief points to be attended to in these street gullies are: — i. 
Sufficiency in number and capacity to carry off all surface water. 
2. They should not be easily choked by paper, leaves, sticks, or 
other material entering them. 3. Sufficiency of pit to retain all 
sand or road detritus to prevent its being washed into the sewers. 

4. They should offer the least possible obstruction to traffic. 

5, The construction should be adapted to permit the pit being 
I easily cleared out. 6. Effectual trapping to prevent the escape 
I of sewer gas. 

The forms adopted have been very various (see next page). 

Fig. I is commonly called the Mason or Dip Trap, and is 
efficient when the point at the joint of the longue is kept sound. 

Fig. 2 is often constructed under the footway and connected 
with the gully-grating in the channel by a brick passage fitted 
with a flap-trap, the outlet to the sewer being also sometimes 
similarly trapped 

Fig. 3 represents a direct shoot from the gully-grating to the 
sewer ; there are, no doubt, large numbers of this form still exist- 
ing, in some cases untrapped, in other cases, with flap-traps at 
either top or bottom, others again so trapped at both top and 
bottom. Other varieties have a pipe shoot, which drops vertically 
from the grating, afterwards diverging to the sewer 

Fig. 4 is a gully pit with a grating immediately above it, the 
discharge to the sewer being either by a brick shoot or pipe-drain, 
usually fitted with a flap-trap in the side. The depth varies from 
2ft6iii to gft, and the capacity is sometimes as much as two 
van-loads. 

Improved forms are now made in iron and stoneware, among 
which are Crosta's. Sykes", and others 
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^^^1 The wet mud from gullies occasions great difficulty in dealing 
^^^L with town refuse. Economically, it would seem preferable to 
' rush all sewage down without deposition, except detritus, and 

; treat it collectively at the sewage works. In some towns fasces 

I and a certain amount of urine are removed by scavenging, after 

being deposited in privies, cesspools, or dry closets. 

The methods m which refuse matters are kept for a time, as 
opposed to those in which they are got rid of as soon as possible 
by water carriage, are classed together as " conservancy systems." 
In the country, privies, middens and cesspools were formerly 
almost universal. Official reports, even up to the present, give 
striking details of the state of some of our villages and townships 
in this particular. 

In some cases water-carriage is crudely attempted by building 
the wooden closets over a running stream, which is used by inhabi- 
tants for drinking and washing lower down " Model bye-laws." 
such that the prix-y must be a certain distance from dwellings, 
or from any well, spring or stream, with certain provisos as to 
construction and cleansing, have been found to be frequently 
inoperative, as, in the words of a sanitary officer " it is difficult 
rsuadc an owner to spend sufficient money to build 
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privy 1 he tells you that the property does not pay, and he would 
prefer to close the houses." Consequently, in settlements built on 
alluvial ground or porous gravel the soil is frequently saturated 
with sewage and the wells heavily polluted, resuUing at mteirals 
in epidemics, and in a general unhealthy state, especially in the 
children. 

The Local Government Board has laid down " model bye- 
laws " for the construction of privies and middens in new 
buildings, prescribing that :^ — 

(i). The privy must be at least 6ft, away from any dwelling. 

This distance seems much too short; but is. unfortunately, 
limited by the amount of ground at disposal, and the convenience 
of the householders. 

(2). That it must lie 40 or 50ft. away from any well, spring, or 
stream. 

The object of the regulation is to prevent infiltration into 
sources of water supply. Here the distance is again inadequate. 
Although filtration through 40 or 50ft. of porous soil is ordinarily 
sufficient to remove danger from polluted runnings, recorded 
cases, such as Maidstone, Hastings, and many I have found in 
my own analyses, have proved that, owing to the occurrence of 
cracks, or the formation of channels, specific pollution has been 
able to traverse a much greater distance. .So that observance of 
the regulation would not attain safety without examination and 
inspection at intervals. 

In the case of Ballard v. Tomlinson, 1884, the water in 
plaintiff's well at a brewery had been poMuted and his brewings 
spoilt by percolation of foul matter " through several yards of 
chalk " from a disused well which had been turned into a cess- 
pool. Damages were obtained. 

Prof. E, Pfuhl has ascertained by direct experiment that certain 
bacteria could traverse in one hour eight metres (26 feet) of gravel 
soil, further that the supply of a tube-well became contaminated 
by B. prodigiosus when cultures of the latter were inserted into 
the surface 37 metres (14 feet) from the top of the well fZeits, f. 
H)^,. 189;. p. 540). Characteristic bacilli, like prodigiosus and 
violaceus. have frequently been used with success for testing 
filters and leakages. Where the suspected source is accessible, a 
quicker method is to add a quantity of some easily recognizable 
substance, either in solution or suspension, and to look for it in the 
water affected The presence of sewage will also reveal itself ia 
the analvsis. 
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I will give an example that has lately come within my own 
rperience, of an infiltration that passed through a distance of 
f about half-a-mile. 

A public school on a hill in the country was supplied with a 
"well-water A, while its sewage was treated on a farm below. 
Near to the lower extremity of the farm two wells exist, one 
supplying a swimming bath, therefore not used for drinking 
purposes, while tlie other, somewhat more remote, served as a 
portion of the town supply. The three wells were sunk in the 
Hythe beds of the Lower Greensand, the direction of the under- 
ground water being from the top of the hilt to the valley. My 
Lanalyses of the upi>er and lower waters were as follows : — 




Total sol )<l!> 
Chlorine 
Nilrogen as t 



Albuminoid Aimnan 
Oxygen canaumed 
Phosphalc 
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L proving distinctly the access of pollution from the sewage faun. 

(3). Means of access must be provided for the scavenger, so 
I that the filth need not be carried through a dwelling. 

(4.) The privy must be roofed to keep out rain, and provided 

, with ventilating openings as near the top as practicable ; that 

part of ihe floor of the privy which is not under the seat, must be 

not less than 6 inches above the level of the adjoining ground. 

must be flagged or paved with hard tiles, and must have an 

I inclination towards the door of the privy of \ inch to the foot. 

A properly laid cement floor rs fnr preferable, as the spaces 
[ between tiles or flags, and the unevenncss resulting from wear, 
render them difficult to keep clean and to repair. 

(5). The next regulation is intended to prevent the accumula- 
tions of filth in large pits that are still frequently found behind 
Lrows of cottages, and to secure at leasl a weekly removal. 
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" The capacity of the receptacle under tlie seat of the privy 
must not exceed 8 cubic feel (50 gallons), the floor of this recept- 
acle must be in every part at least 3 inches above the level 
of the adjoining ground ; its sides and floor must be made of 
impermeable material^they may be flagged or asphalted, or 
constructed of 9-inch brickwork rendered in cement : the seat 
may be hinged, or other means of access to the contents of the 
receptacle must be provided ; and the receptacle must not 
communicate vt-ith any drain or sewer." 

The chief utility of such regulations is to secure regular 
inspection and the power of using compulsory measures on 
definite lines where necessary. Almost all middens and privies 
are constantly offensive, especially in liot weather ^ that the 
residents, from habit, do not notice the nuisance does not prevent 
it from being injurious to health A sprinkling of dry cinders 
or ashes avoids to a certain extent the offensiveness. 

The Pail System. In Rochdale and some northern tovros, | 
the excreta are collected in iron or tarred-oak pails of a capacity J 
of under 2 cubic feet, and provided with lids. They are placed I 
under the seat of the closet, wliich should be well ventilated ; the I 
contents arc covered with cinders or ashes and removed at least 1 
once a week, n clean pail being substituted. It is important that 
the contents should be kept as dry as possible, and that if it is 
designed to convert the matter afterwards into manure, nothing 
but the excreta and a minimum of ashes should be thrown into 
the pail. ■ 

In some villages, and in many continental towns the pail \ 
system is carried out in a much less careful manner, the pails 
being collecled at night-time, and the contents — ^hence called 
" night-soil " — -with or without a perfunctory disinfection, emptied 
into ditches or pits, which when full are covered up with earth. 

With the object of saving the manure, as well as immediately j 
disinfecting the faeces. Motile in 1863 introduced the system of ] 
Earth Closets, a kind of resuscitation of the primitive earth-dis- 
posaj. By a mechanical arrangement on pulling a handle each I 
discharge of fa?res was covered by a shovelful, about t^Ibs., 
of baked dry earth, which was daily supplied to the households. I 
Its absorbent character instantly removed all odour when only a J 
light covering was spread over the solid discharge. The final ( 
effect was a bacterial one, by which paper and solid f^ces were ! 
soon reduced to a loamy powder which could be dried and used | 
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Two reasons, however, militated agairr^t 



F 

^H aga 
^^H sua 

^^^1 (i). Urine or other moisture ruined the absorbent effect unless 
^^^f a large quantity of earth was used. 

^^r (2). Owing to the rapid loss of nilrogen and the admixture of 
f earth, the manure was of little value, containing only about a 

I tenth per cent, of nitrogen, and J per cent, of phosphoric acid. 

I The process is rather a deodorizing than a disinfecting one, as 

I pathogenic organisms are not killed, but for places without a 

I copious water supply, this system has great advantages, and is 

^^^ much superior to privies. Dr. Vivian Poore, in his garden at 
^^L Andover, has elaborated this idea and shown that it can be 
^^H worked effectively without nuisance and with very satisfactory 
^^^K crops. The kind of earth is a matter of importance — sand and 
^^H gravel are inert, chalk feeble and dry clay good, while garden 
^^H soil, loam, and peat give the best results. In public urinals 
^^H without a water supply sawdust can be substituted for earth. 

The Goux-Thulasne method, called shortly " the Goux." is used 
frequently on the continenl. and has been worked successfully 
at Halifax in England. It is a combination of the earth and 
pail systems. In an iron barrel with handles a slightly conical 
core is held, and the intervening space packed with dry earth, or 

I a pulverulent disinfectant When the core is withdrawn, a cavity 
of the same shape is left. These receptacles are carried round 
on a dray, and left at the houses. At the end of a few days they 
are collected, shaken so as to cover the excreta with powder, and 
closed by an air-tight iron lid before removal. Success here 
again depends on the exclusion as far as possible of moisture. 
This is a useful method for sick rooms when the excreta must 
remain for some time. 
Places in which " conservancy systems " are in practice are 
classed together as "midden towns," Their sewage excludes a 
g;reat pari of the human excreta, and is made up of: — ■ 
(a). Waste water from kitchens, highly charged with decom- 
posable matters and grease ; 

(6). Slop water, containing urine, soap, and the dirt from the 
surface of the body and from clothes : 

(c). Liquid refuse and drainage from stables, cowsheds, pig. 

geries, and slaughterhouses fthe drainage from stables is very rich 

in urine ; one horse excretes about fifteen times as much urine as 

- an adult man) ; 

ffi). Street washings and sweepings; 
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(e). Urine and waler from public urinals, and usually from a 
few water closets ; 

(f). Waste liquors from factories ; 

(g). Drainage of land, ram and storm water, except where tbe;l 
" separate system " of sewage, which excludes these, is adopted. 

The average figures for the sewage for midden and water closet ] 
towns, as given by the Rivers Pollution Commissioners, show r 
very conspicuous difference in composition, while according to 
Sir E. Frankland, m earth-closet localities a similar uniformity 
was observed 
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The inclusion of solid excreta in the water-closet towns i 
balanced by the water used for their carriage, the result being , 
that the two sewages are practically equal as regards subsequent 
disposal. Water-carriage is now general in towns, the chief 
objection urged against it being the waste of the water supply. 
But the water used per day in closets being rarely measured by 
meter, has often been over-estimated. If we take (he chlorine 
figures in the above analyses as an approximate measure of the 
strength of the sewage {see pp. 2g, 124), we find their ratio to be 
11-54 to 1066, or nearly II to 10, that is to say, an addition of 
one-tenth to the ordinary water supply has been sufficient to 
replace the carts and other apparatus, besides the labour, of the 
pail, earth and other conservancy systems. 

Another method of arriving at the amount used is by the 

volume of flush Putting this at two gallons, and assuming two 

uses per day per individual, we reach a figure of four gallons, 

r from J to i^f of the water supply per head. So that the volume 

I of sewage will not be greatly increased, and its dilution may 

\ really favour bacterial treatment, as we shall see in the tenth 

chapter. 

It may be concluded that wherever an adequate supply of waler 
is attainable the water carriage system is the best. Dr. Louis 
Parkes sums up the comparison of methods so clearly that I may 
I quote his words. 



SEWAaE AND 1Tb PURIFICATION. 



" There can be no doubl thai all conservancy systems proceed 
on a wrong principle, namely, that of keeping excremental matters 
within or near dwellings as long as they are not considered to be a 
nuisance or dangerous to health. In towns the expense of scaveng- 
ing is directly proportional to the frequency of removal, so that 
there is always an inducement to the local authority to economize 
al the risk of the health of the inhabitants. I'he costs of this kind 
of scavenging are high ^in many towns very high — and in but very 
few does the sale of the refuse cover the expense. 

That improved middens and pail or earth closets are a great 
advance upon the former disgraceful conditions which prevailed in 
most towns nobody will deny ; but it is difficult to justify the 
existence of any such systems when all the facts are known . . . - 
The pail system is undoubtedly the best for towns which will not 
enforce the adoption of water closets. .Sanitarily considered it ts 
inferior to the earth system, in which dryness of the excrement, by 
the addition of dry earth, is part of the system. But however 
suitable for country houses, and for villages in this country, and for 
villages and stations in India, where earth of suitable quality is 
easily procured and dried, and the compost can be dislribuled over 
gardens and fields in the immediate vicinity, it is quite inapplicable 
to towns of any size on account of the enormous quantities of earth 
that would have to be dried and brought into the town, the diffi- 
culties of storing the earth on the premises of houses and keeping 
it dry, and the still larger ijuantily of useless manure to be removed 
out of the town and further disposed of."* 

Reports of Medical Officers of Health in 1900. notably those of 
t York and Durham, give statistics showing the connection between 
(outbreaks of typhoid and midden-privies. 



Eftects of Dilution. 

With conditions that are favourable, the purifying action of 

r rivers is known to be very great. Towns on the banks of rivers 

of considerable width, and having a fairly constant volume and 

velocity during all seasons have discharged their raw sewage into 

the stream for many years, and investigation has proved that a 

few miles below the outlet of the sewers there is little or no trace 

of pollution. Any extensive improvement by mere sedimentation 

1 would be on the wrong lines, and should not be permitted, as it 

luld result in a filling up of the river bed and formation of dirl 

I. banks which become foul (p, 4). When, on the other hand, sus- 

fpended organic matter is slowly removed to the river bed and 

lere is attacked, in the absence of air and light, by the organisms 

urally fitted to the purpose, their products will dissolve and 

available for the water bacteria in the river. The 

■ "w"!'. :597. p 116, 
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' standards of purity for sewage effluents have been frequently 
modified", but it would seem that the conditions for safe dis- 
charge into a flowing stream depend upon local factors now that 
methods had been found which, by natural agencies, allow us 
to carry tlie purification to a rational and harmless stage, when 
such factors as time, light, volume of oxygen, and various life of 
4 river will be more than sufficient to deal with the effluent 

Pettenkofer. from investigations on tlie river Isar, at Munich, 
has concluded that if the sewage never amounts to more than 
I-I5th, or 6-7 per cent, of the river water, and the velocity of the 
latter is at least equal lo tlial of the former, the raw sewage may 
be poured into the river without causing pollution. 

From actual observations of the Massachusetts Board of 
Health, Rudolph Hering fixes a limit to the amount of free 
ammonia permissible in a stream, and finds that if the flow is 
less than 2^ cubic feet per second per 1,000 persons (or one gallon 
per minute per person), " an offence is almost sure to arise," but 
when it exceeds 7 cubic feel per second per 1 .000 safety is assured. 
" In other words, wlien the free ammonia is greater than o- 1 2 parts 
per 100,000, the conditions are probably objectionable." These 
limits correspond to about 50 volumes of river water to average 
sewage in England, Mr. Stearns, engineer lo the Board, con- 
cludes that if the average amounts lo more than i-40tli, or 2'5 per 
cent of the river water,, it cannot be discharged into the river in 
its raw stale; if less than i-4oth, and more than I -130th, it is 
doubtful ; if less than i-i30th. it may be admitted without any 
doubt in its raw state into the river. These conclusions are, of 
course, empirical, and have not been generally accepted; they 
would be greatly affected by the amount of solid matter present 
in the discharge. The sewage in America is much more dilute 
than in this country, the rivers have greater volume, and the limit 
is much higher than we have found necessary in England. 

It is possible, however, to form an estimate as to the amount 
of sewage which can be dealt with by a flowing stream, if one 
remembers that the bacteria, always nalurally abundant in river 
water, are able by the aid of the oxygen dissolved from Ihe air to 
oxidize more or less rapidly any ammonia or organic matter that 
may be present That the volume of the sewage and the oxygen 
required by the organic matter in it as measured by perman- 
ganate — i.e., the standard factor of " oxygen consumed " — should 

- kideal, Slandu.di i,/ Vmily foi btU'.igi LffiieMs. B. A. Kepom. Uristol, iSirf. 
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some relation to tlie free dissolved oj^gen in the river, and 
the flow of the river, is obvious. But it is also desirable to take 
into account Ihe amount of available oxygen as nitrate and 
nitrite, since it has been proved that, always with tlie help of 
bacteria, the oxygen of nitrates and nitrites is available for the 
burning up of organic matter 

From these factors the following formulae may be deduced. 
Where X is the flow of the stream, O the amount of dissolved 
oxygen. S the volume of eifluent, M the "oxygen consumed" 
by tlie latter, N the available oxygen as nitrate and nitrite, C the 
ratio between the amount of oxygen in the stream and that which 
required to oxidize the organic matter in the effluent, then the 
quivalent will be — 

XO = C(M-N)S. 

^Where the sewage is fresh, and no nitrates have been formed 

XO = CMS. 

If N be less than M. M — N ^ the deficit of oxygen in the 

I effluent, requiring to be supplemented by the free oxygen in the 

[ river; such an effluent will throw a burden on the river, and 

I cannot be considered in a satisfactory slate, and it will be a 

I question of volume and other circumstances wJielher it can be 

I permitted to be discharged at all. This may be determined by 

the consideration that if the available oxygen of the river, XO, 

be greater than the demand (M — N) S, there will be a chance of 

the stream dealing with Ihe inflowing liquid, but if the reverse be 

the case, foulness will necessarily accrue. 

In the favourable cases where bacteria and alga; are active, 
land the oxygen of ihe river is able, by their help, to deal rapidly 
■ with the incoming residues, the minimum ratio between the 
I volume of the stream and the volume of effluent that could be 
|allowed to be discharged into it would be indicated by tlie value 
of C in the above equation, which would also approximately 
denote how far the population might increase before the propor- 
tion could be seriously disturbed. The minimum fii;ure will be 
reduced by the nitrites or nitrates of the river water itself, or the 
free oxygen whicii may be present in the effluent River water 
often contains about Qo per cent, of its nitrogen in the oxidized 
form, and when saturated, holds about 700 c.c, or, approximately, 
; gramme of dissolved free oxygen per 100 litres. These 
rials for purification require to be supplemented by (he 
cy of the natural bacteria, which, with the almost unlimited 
xposure and admixture in a flowing river, wc may assume as 




INTRODUCTORY, 



17 \ 



certain to be present. Hence, in theory, comparatively few 
volumes of a river water will supply the requisite oxygen, which 
explains the well-known fact that in the lower reaches of a river 
the dissolved impurity is only a fraction of what has enlered in 
its upper course. Dupre states that, on an average, dilution with 

I thirty volumes of fully aerated river water prevents sewage from 1 
fouling, and ultimately puri&es it Even a less proportion, in | 
my experience has been effectual. 

For one town then, on the banks of a large river, or even 
several towns, if they are sufficicnljy separated to allow natural 
recovery and aeration of the stream, the elementary method of 
discharging the untreated sewage into the water direct has been 
successful in the past, with the proviso usually required that by 
screening, sedimentation or precipitation, the suspended solids 
should be prevented from forming mud-banks and deposits of 
black sludge on the river bed. 

Exeter, for example, a town which is now interesting from its 
association with the septic tank system, has also the historical 
position of being the first city to be sewered, and to discharge 
the combined sewage, untreated, into a river. As the volume of 
the Exe is about forty times that of the sewage, at the recent 
inquiries no chemical evidence of pollution a few miles below the 

' city was obtainable. 

Composition of Rivet Eie. iSij^. 

T.S. CI. NH, All.. NH. *^'"fn. 
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But in countries thickly populated there is no such opportunity 
■ for the recovery of the river. Given even twenty-four hours for 

the completion of the natural process, the river would arrive at 
[ the next town denuiled of its oxygen and in an unfit state for the 
I reception of more sewage. The result has been such a condition 
[.as I have already mentioned in connection with the Seine and 

Irwell. 

Even in America the distance between the cities and the volume 

of the water-ways has not prevented the discharge of unpurified 

sewage from causing evils, which became specially acute in 
I periods of drought, as the resulting concentration of refuse in 
r their beds has made some of the rivers nothing better than neg- 
I lected sewers. Partly as n result of this and partly because recent 
I court decisions have given encouragement to many persons who 
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^^H are injured by the pollution of streams, State Commissions have 
^^H been in most places appointed to consider the methods of puri- 
^^H fication. The longer the delay in taking up this matter, the more 
^^1 expensive it will be when it becomes imperative." As a rule it is 
^^r everywhere necessary for sewage lo be prepared before it is dis- 
i charged, and the methods for so doing constitute our present 

I subject. 

^^ There can be no doubt thai on the efficiency with which refuse 

^^L matters, and especiall>' human cxcretal refuse, are removed from 
^^H towns, their health largely depends. 

^^H The improvement in the health of towns as shown by the re* 

^^H duction in the death rates coincides with the completion of works 
^^M of sewage, and the introduction of a better water supply. Sir 
^M William Preece in an address to the National Health Society, 
October, 1889, referred to the city of Leeds, with a population of 
400,000, where during the twenty years 1875-1895 the death rate 
per 1,000 fell from 28 to 18, and continued "if this had been 
accomplished in one city by acting on those principles of applied 
science, what might be the total number of lives saved through- 
out the country by the operation of those whose duty it was to 
carry out the details of the science of sanitation? It had been 
said that ' a nation's health was a nation's wealth,' and there was 

I no doubt that the strength of a nation depended more on the 
health of its population than on anything els&" 



Tidal Discharge, 
The Rivers Pollution Prevention Act, 1876, provides that I 
before discharging domestic sewage or trade refuse water into 1 
any " stream," the public or private persons responsible shall 
duly see that " the means used for rendering harmless any sewage 
matter, or poisonous, noxious, or polluting solid or liquid matter 
falling, or flowing, or carried into any stream are the best or only 
practicable and available means under the circumstances." The 
Act defines that "a stream includes the sea to such extent, and 
tidal waves to such point, as may, after local inquiry and on 
sanitary grounds, be determined by the Local Government 
Board ; . . .save as aforesaid, it includes rivers, streams, canals, 
lakes, and watercourses," virtually, the Act permits the discharge 
of crude sewage into Ihe sea af extreme low water mark, and into 
a tidal river with sufficient volume of dry-weather flow and tidal 

• RrfnrI, SmUe/CoHurilUHl.fiOJ 
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[ risft The Local Government Board's report on sewage disposal 
of 1876, provides that " towns situate on the sea coast or on tidal 
estuaries may be allowed to turn sewage into the sea, or estuaries, 
below the line of low water, provided that no nuisance is caused 
and that such mode of getting rid of sewage may be allowed and 
justified on the score of economy." 

Many seaside towns discharge their sewage on the foreshore | 
near low water mark, but a great portion is returned by the tides, 
and the serious nuisance often occasioned has led to a wide- 

I spread agitation against the practice Sea water is not a satis- 
factory medium for the purification of crude sewage, partly 
because it contains a comparatively small number of water 
bacteria, but mainly because the tidal disturbances prevent the 
suspended organic matter from undergoing the sedimentation 
which allows organisms growing in the absence of air and light 
to do their necessary resolving work. 

Some 46 towns in England report, in 1900, that they are able 
by their situation lo discharge their sewage direct into the s 
into strong tidal rivers. Of these. Blackpool. Chester, Devon- 
port, and Swansea, are for various rpasons considering the 
advisability of bacterial treatment. 

It is necessary by careful float experiments to determine the i 
direction of the currents round the shore, and these tests should 
be repeated at intervals, since changes are likely to occur. In 
many towns the sewage is stored in a culvert or intercepting sewer, 
or in a covered storage tank, and let out on the ebbing tide with 
the object of being carried well out lo sea before the return. But 
the disposal of crude sewage in this way is never satisfactory, 
especially where shell fish are gathered from the coast. Previous 
treatment by an approved method should always be adopted, and 
probably in the future will be made compulsory. In some pla( 
the sludge is intercepted in large catchpits before entering the 

I tank, and either disposed of on land or carried out to sea. 
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CHAPTER 11. 



^^^K CuBMiCAt. Analysis of Sewage and KtHucnts— Meihixis or Collecting Samples 
^^^^1 Gauging the Hoiv— Samples should be Collected proportional Id ihe Flow i 

^^^^1 and corresponding to one anoiher— Weirs — Floats — V Nolch^Meiers — 

^^^H Hourly Variation of Sewage— Official Methods of Collection and Analysis — 

^^^^ft Recommendations of the L!t4lish Association — Determinations of Total ' 

^^^^H Solids — ^Chlorine — Free and Albuminoid Ammonia — Oxygen Consumed — 

^^^^1 Mineral Constituents. 
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Samples for analysis should be taken proportionately to the 
flow, anii nol in equal quantities as is ofteti done, notably in 
recent experiments at Manchester, The method of working 
that I have adopted is as follows : — 

A sample is collected and a gauging done every hour, or, if 
possible, every half -hour, by one of the standard systems, which 

e described in books on Hydraulics. The fluid may be p 
over a sharji-edged horizontal weir, and the depth of liquid 
flowing over the weir measured in inches, by means of a post 
placed behind. By Hawksiey's formula, it A = this depth, / 
the length of the weir in feet ; then Q. the flow in gallons per 
second, will be obtained by 



From these data tables are calculated giving the flow in 
gallons corresponding to decimals of an inch. 

A practical difficulty in measuring the volume of raw sewage 
is that weirs or constrictions of any kind cause an obstruclion to 
the flow, and, therefore, clogging or deposits. But where the 
channel admits of access at several points, an estimate of the dis- 
charge can be obtained without retardation by the float method. 
A piece of wood is ^eIe.^sed at one point and the lime required for 
its appearance at another point is registered ; the distance being 
known, the surface velocily of the stream is ascertained in feet 
, per second. As the stirface velocity in the centre of a current is 
greater thnn the mean velocity of the whole, a correction must be 
made, A nearer approach to the average can be attained by 
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I using as the traveller a piece of giass tubing closed at the lower 
end and weighted with shot or mercury, so as to sink about three- 
quarters of its depth, the upper end carrying a flag to make it 
conspicuous. Several preliminary trials should be m.ide as to 
the length of the tube that can pass without obstruction, and in 
some cases a string may be attached for recovery, with care to 
avoid error. Formulae for calculating the mean velocity from 
the surface velocity will be found in engineering books ; in 
general, the volume of discharge is obtained by multiplying the 
mean sectional area of the chamiel (found by measuring at several 
parts) by the mean velocity in feet per second. 

Example, In a culvert with several manholes a float, immersed 
to the depth of six inches, was observed to traverse 25 ft m lOO 
seconds. = 025 feet per second. This was taken as the mean 
velocity of the stream. The mean area of the channel by 
measuring the depth and width of the liquid was found to be 3 
square feet Then 3 x 0'25 =075 cubic feet per second, A cubic 
foot of water is 6^ gallons. The flow therefore is at the rate of 
64,800 cubic feet or 405,000 gallons, in 24 hours. 

A method which dispenses with formulas, and is quite accurate 
where applicable, is to measure the time in seconds required to fill 
a pail or zinc bath of known capacity. In a recent instance my 
average gauging by the pail was 15.886 gallons per 24 hours, the 
ofiiciat figures afterwards received were 15.571. 

A simple rule to remember is that cubic feet per minute x 9000 
= gallons per 24 hours. 

An effluent is easier to measure on account of the absence of 
solid matter. It may be made, as at Exeter, to flow through a 
V notch at an angle of 90° in the side of a Jank. The area of 
the orifice will be half the square of the si/^e from the vertex to 
the water level. The amount of the effluent can be calculated, 
or may be determined experimentally and tables prepared 
giving volumes of flow corresponding to the level of liquid in 
eighths of an inch. The actual V notch should be a tiiin plate of 
zinc or thickly galvanized iron ; or. if of wood, it must be sawn to 
a clean bevel, with the sharp edge up stream. 

This form of notch was originally suggested by the late Prof. 
James Thomson, of Glasgow, and has been adopted by the Septic 
Tank Syndicate in their installations for measuring the flow 
from the tank. Its advantage over a square notch or weir is that, 
however small the flow of water with the V notch, there is always 1 
a readable quantity. The variation in the area of water flowing J 
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lin a V notch is as the square of the height from the vertex, a 
(the volume discharged as the S power of that height. 1 
1 formula is 

Q = -305 Hi 

where Q = cubic feet per minute and H the height in inches 
from the verte;i of the notch up to still-water level. Thomson 
found that when H = 12 inches the flow was 2-54 cubic feet per 
second, so that by measuring H in feet, taking this figure to the 
) power, and multiplying by 2-54, the flow in cubic feet per 
second is obtained. 

In those cases in which a permanent record of the flow is 
required, it is more convenient to use a Parkinson's low pressure 
water meter which, if read at fixed intervals, will give the quantity 
of sewage dealt with. 

Samples of effluents should be taken corresponding to the raw 
sewage. This is sometimes rendered difficult by the time of 
passage through tlie tanks or filters not being accurately known. 
The capacities of Ihe beds and tanks and the flow at the time of 
sampling will, in most cases, give the necessary data, but even 
then allowance must be made for streaming. I have found the 
only accurate method is to spread the sampling over successive 
days, choosing different times each day until the cycle of twenty- 
four hours is complete ; in this way, even on small systems, 
irregular discharges do not cause error. 

Collection of Samples 
in a representative manner requires considerable labour and I 
attention. Many published analyses are based on specimens I 
I taken casually, and the opinions formed are of little or no value. 
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I The sewage is continually flowing, but varies both in volume and 
1 quality from hour to hour. I found for instance, in a town 
I sewage: — 
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1 1 54 4 7 75 358 


„5 4'>2 056 Nt.M. 




79,oool- 4361 523 1 266 


3 5 1 75 ■'>'4 Trace. 


3a.m to 9 am - 


) l34 4| 373 ' 074 


45 1 55 Trace Very 




Total Chlorine- 


-44 Iba. per day- 



[ Phyrical Characters, — Dry weal he r ■ Thick aiid feiid, fragments of paper and 
lumps of Ixcal matter abUDdant. 
Heavy storm : Turbid, yellow-browa, earthy odour. 

In the morning, urine is prominent, as shown by the chloride 
and by other signs ; later on, soapy water makes its appearance, 
with a white scum of fatty lime-salts that tends to clog Alters 
and leave a greasy deposit on channels ; &xed alkalinity also 
appears, with an increase in the sodium salts ; subsequently tlie 
sulphuretted odour of vegetable washings is evident, and the 
liquid may even become temporarily acid. The road detritus 
and heavier mailers are usually caught in a grit chamber, while 
paper, siring, and animal and vegetable fragments are commonly 
carried forward with the mixture, whicb rapidly becomes black, 
[ alkaline, and putrescent. The effect of mere mechanical strain- 
ing or filtration is shown by the following averages of thirteen 
hourly samples from 6 a.m. lo 6 p.m. from different sewers of a 
; large town on the water closet system in 1807. (See table.) 

The suspended solids contain about ^ the organic nitrogen and 
half the carbonaceous matter of the sewage. 

To take a fair average sample of raw sewage in a bottle is 
[obviously hopeless, owing to the large pieces o( solid matter that 
Bit intervals come down. The only thing to he done is to roughly 
ntrain the sample for analysis, and to ascertain on a larger scale 
Hhe amount and nature of the solids 
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Table showing Variation in Quality of Skwage in different Skwbks 

OF THE SAME TowN. 



Parts per 100,000. 


Organic 

N. 


CO 

"o 

C/) 


U 
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£X 


con- 
sumed. 




•c 

096 


Nitrous 
N. 
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7-21 
618 


940 

35 


20 -8 


6-5 


31 
1-6 

3^>5 


5 34 
5-80 


None. 


Total 


1339 
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11*2 

5'8() 
9-3« 




B. — Dissolved 
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5-56 
371 


57 
51 


III 


5-0 
7-0 


•12 
-08 
•12 


Nona. 


Total 
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15 '-M 




C— Dissolved 
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7-2 
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60 
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12-0 


<>'59 
7-68 


Ntme. 


Total 


875 
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Total 


99 
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Average — Dissolved 

Suspended - 


7-82 
332 


76 
45 


13-4 


6-2 


6 32 


•II 




Total 


11-14 


121 


i2-6y 





Opinions on sewages and effluents must be based on a number 
of examinations extending over several days and embracing 
every hour of the day. At the same time opportunity must be 
given for immediate analyses simultaneously, as delay produces 
change. I will give an example of the procedure by which I 
attained this in October, 1899. A strong sewage was gauged 
every half-hour, and a sample collected in cubic centimetres 
proportional to the number of gallons flowing : these half-hourly 
samples were at once poured into a large vessel, and at the end 
of three hours were thoroughly mixed and the average of the 
six samples taken in a stoppered glass bottle for analysis. The 



¥ 



SEWAGE AND ITS I'URIKICATION. 



Processes of Analysis. 



Since samples of sewages aiid of effluents are usually in a 
condition of rapid cliange. the chemical examination must be 
carried out as quickly as possible after collection, therefore such 
processes as admit of rapid working must be chosen in preference 
to those which are longer, even if ihe latter be slightly more 
accurate, more especially as a large number of specimens have 
often to be examined at once. 

Piysiciil character, as smell, colour and turbidity, must first be 
noticed, then the reaction to test paper. Ordinarily this is more 
or less alkaline, the alkalinity being of two kinds — volatile, owing 
mainly to free ammonia ; fixed, due to washing soda and soap. 
These can be determined, if necessary, by taking two measured 
quantities, say lo to 50 cc, titrating one of them directly with 
standard acid, evaporating the other to a low bulk (not to dry- 
ness, since the fixed alkali is capable of decomposing many 
organic compounds, and of neutralizing itself) over the water- 
bath lo drive off ammonia, and titrating again. The first 
titration gives the total alkalinity, the second the fixed ; the 
difference is the volatile alkalinity. The fixed alkalinity is 
ordinarily calculated into soda, the volatile into ammonia. 

Each cubic centimetre of centinormal standard acid solution 
required for neutralization corresponds to -0003 T grammes of 
sodium oxide, Na^ O ; 00040 of caustic soda, NagOH ; -00053 
of sodium carbonate, Na^ COg ; and -00017 "f ammonia, NHg, 
For a fairly clear liquid methyl orange may be used as an indi- 
cator of the end of the titration ; for a thick or coloured one, 
delicate litmus paper is the best. Moderate alkalinity is 
favourable to the action of bacteria, therefore it is rarely necessary 
to make the above determination in sewage, except where liquors 
I {rom gas-works or chemical factories are present. 

Occasionally the sewage is locally rendered acid by trade 
discharges -. the degree of acidity must be determined by standard 
alkali run in from a burette in the same way as in ihe determin 
alien of alkalinity. An acid sewage would be unfavourable to 
bacterial action, but the acidity is usually at once neutralized by 
idmixture with the larger volume of sewage (p. 294). 

Solid matter. — A complete examination involves four deler- 
Uinattons — 
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Insoluble o 
MatlCTG in : 



) 1 
norganic 



Orgi 



1 



To determine directly the insoluble matter, a Swedish filter 
paper of 125 millimetres diameter is dried for ^ hour at IOO° C 
in a weighing bottle — a couple of lest tubes sliding into one 
another answer very well— cooled in the desiccator and accurately 
weighed. A measured volume of the sample is filtered Ihrough. 
again dried at 100" C and weighed, The difference gives the 
total suspended matter. In some cases it is nece.ssary lo use a 
hardened filter paper and an exhaust pump, as many sewages 
rapidly block up ordinary filter paper. The paper and deposit 
are then ignited gently in a weighed platinum dish. The 
behaviour on heating will often give indications as to the 
character, whether heavily nitrogenous or fatty. The amount of 
ash gives the inorganic suspended matter. 

In a similar manner the evaporation of the filtrate and weigh- 
ing, with subsequent gentle ignition and weighing the ash, give 
an estimate of fixed and volatile matters in solution, but from Ihc 
presence of ammonium salts and for olher reasons, the "loss on 
ignition " does not measure the organic matter. 

A shorter determination of the suspended and dissolved 
matters can be effected by evaporating and weighing loo c.C. of 
the sample before and after filtration ; the first result gives the 
total solids, the second the dissolved ; the difference being the 
suspended. A simple determination of the solids can be made 
by evaporating 100 c.c. in a glass or porcelain dish. 

Chlojine is present in the form of chlorides, chiefly of sodium, 
with less quantities of potassium and ammonium, but is always 
recorded in terms of chlorine. It is estimated volumetrically 
with a standard solution of nilrHle of silver, adding a drop of 
neutral potassium chromate, when the appearance of a slight 
persistent red colour due to chromate of silver indicates the com- 
plete precipitation of the chloride. It is in all cases necessary 
to evaporate the measured volume of the sewage— 10 to 25 c.c. — 
to dryness on the water bath before titration ; the end reaction is 
then sharp. For the standard silver solution, 2-3944 grms. of 
pure recrystalli:^ed silver nitrate is accurately weighed out, 
dissolved and made up to 1 litre with pure distilled water. If 
50 C.C. of the sample l)e taken, each c.c. of the standard solution = 
I part per 100.000 of CI. When a less quantity is laken. 
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cakulatioD is simple, thus if lo c.c. of the sewage had been 
evaporated and had required 25 c.c. of nitrate of silver, the 
chlorine is 2-5>'5 or 12-5 parts per loo.ooo. 

This determination is of special value, as giving the chief and 
readiest due to the strength or dilution of sewage, because : — 

(1). The most important liquid ingredient of sewage is urine, 
which averages about i^ litre per head per day, and contains 
about 0'45 per cent, of chlorine, or 450 pts. per 100,000. (2). 
Ordinary water supplies contain little chlorine, generally being 
from I to 2 per 100,000. (3). Weak domestic sewages contain 7 
parts ; stronger ones up to 40 or 50 ; an ordinary average may 
I be taken to be 10 pts. of chlorine per 100,000. See aJso p. 124. 



Free Ammonia — direct determination. 

The ordinary method of determining free ammonia is by 

' distillation, combining it with the estimation of "albuminoid." 
But as it has been proved that the organic matter in water is 
allered by distilling, it is preferable to estimate the free and 
saline ammonia actually present by diluting an appropriate 
fraction to 50 c.c. with pure ammonia-free water and then 
Nesslerizing. The amount used for dilution should be such 
as to produce a measurable brown colour : in that case I have 
found that the estimation ran be effected without any turbidity 
from lime salts interfering, i c.c. of sewage, or 10 to 20 c.c. of 
effluent, diluted lo 50 cc. with ammonia-free water, usually gives 
uitable tint for Nesslerizing. 



Free and Albuminoid Ammonia bv Distillation 

The apparatus must first be freed from ammonia by distilling 
water through it till the distillate shows no reaction with Nessler 
t. Then 500 cc. of pure water, or of good lap water in which 
the free and albuminoid ammonia are known, are placed in the 
I retort, and 100 cc of the sewage added The distillation is then 
carried on till 200 cc has been collected. 50 cc of alkaline 
permanganate solution are then added, and 3 pieces of ignited 
pumice, and the distillation is continued until another 200 cc have 
been collected Suitable fractions of the two distillates are then 
diluted with ammonia-free water to 50 cc and Nesslerized, 
the first result being put down as free ammonia, the latter as 
albuminoid. The ammonia is preferably calculated to nitrogen, 
as mentioned in the British Association report In the case e 
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acid trade effluents, ignited carbonate of soda, in slight excess, 
must be added before the first distillation. 

In distilling sewage there is no exact point when the " free 
ammonia " ceases to come over, on account of the gradual decom- 
position of various nitrogenous matters by heat. The action of 
the alkaline permanganate is also not definite, therefore it is 
necessary to proceed in a defined manner to obtain comparative 
results. For some time I determined the "total ammonia" by 
adding to the dilute sewage alkaline permanganate at once, dis- 
tilling, and Nesslerizing, then deducting the free and saline 
ammonia obtained by direct titration, recording the difference 
as " albuminoid NHg." In this way more ammonia is obtained, 
but the results are not comparable with published analyses, and in 
effluents are more unfavourable when referred to the limits laid 
down by various Boards, therefore it seems best to keep to the 
older conventional method as originally laid down by Wanklyn. 
We shall have to refer again to the standards officially prescribed. 
To show the great variation. I have found the free ammonia in 
raw sewage to range from 35 to less than one part per lOO.OOO, 
and the albuminoid from 6 to oi pts. per 100,000, the latter, of 
course, being mainly rain water. 

Oxygen Consumed. — This test has been variously called the 
" oxygen absorbed figure," the " oxygen test," or simply the 
"permanganate test." While in the ordinary "albuminoid" 
method permanganate is used in a strongly alkaline solution, 
and only the ammonia evolved is measured, in this process the 
permanganate solution is acidified with sulphuric acid, digested 
with the water or sewage, and after a certain time the amount of 
permanganate remaining is determined volumetrically. The 
original quantity of permanganate added being known, the loss 
indicates the oxygen which has been absorbed by the organic 
matter present 

This process, originally devised by Forschammer about 1865, 
was subsequently improved by Letheby and Tidy, and has 
attained importance as a standard comparative method on 
account of the ease and rapidity of its performance. 

Opinions have in many cases been founded almost solely on 
the permanganate process of oxidation, but such a proceeding is 
by no means safe, as, although decidedly valuable, the test is 
open to the following objections: — 

ft). So many modifications have been introduced in procedi 



I 



SEWAGE AND ITS PURIFICATION. 



r 

I that the figures obtained by various observers are seldom com- 

^^^ parable, as instanced in the discussion at the Manchester enqoirj-. 

^^L (2). It mainly measures the carbonaceous matters, which are 

^^H not the most dangerous. 

^^r (3). It is incomplete even in measuring these, since it has been 
found on trials with various definite organic matters that they 
varied very much in their reducing power, and some of them 
were very resistant to permanganate when used, according to the 
ordinary prescription, at low temperatures. For this reason it 
was customaiy on the Continent to boil the water with perman- 
ganate, but this was very objectionable, as it caused a spontaneous 
and irregular evolution of oxygen from the reagent, which gave 
much too high a loss. 

Many years ago I found it safe to work at a temperature of 
So" Centigrade, on an ordinary water bath, instead of the 
customary heal of 80° Fahrenheit, thereby shortening the time 

I to 2^ hours, in place of the usual 4 hours in the cold. 
(4). The greatest disturbing influence is the interference of 
nitrites, which are abundant in certain stages of purification, of 
high chlorides, and of iron and occasionally manganous salts 
derived from a chemical treatment. This objection has not been 
satisfactorily eliminated, even by the adoption of the various 
proposed time limits, such as 3 minutes. 15 minutes. 2^ or 4 
hours. 

The process, as common to all modifications, is as follows : — 
A measured volume of the water or sewage is placed in a care- 
fully-cleaned stoppered boltle, and acidified strongly with a 
uniform amount of pure sulphuric acid. Then an excess of a 
standard solution of potassium permanganate is measured in, and 
the whole mixed by rotation. At the same time a blank is 
mounted with equal volumes of pure water and the reagents. 
Both are exposed to the same temperature for the same time 
The effect on the permanganate must be watched ; should it 
happen that the red colour pales rapidly, a further measured 
quantity of permanganate and of acid must be at once added, as 
it is necessary that the o.vidi^ing agent should be present in 
excess up to the end of the time. At the end. both bottles are 
cooled, and a few drops of freshly -prepared potassium iodide 
solution is added to each, or a small crystal of the pure solid. 
Iodine is immediately liberated in proportion to the amount of 
permanganate that has remained unreduced hy the organic 
matter A centinormal solution of sodium thiosutphate C^^^S/ 
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grm. NajSjOs.SHjO per litre) is then run in from a burette till 
the brown colour of the iodine has nearly disappeared. A few 
drops of fresh thin starch solution are then added, and the 
addition of thiosulphate continued till the blue colour has just 
disappeared. This titration must be accomplished rapidly, as it 
will be noticed that the blue colour will reappear, especially if 
nitrites are present. 

Subtracting the amount of thiosulphate required by the sample 
from that used by the blank, and multiplying this number of 
cubic centimetres by 00008, will give the weight of oxygen 
consumed in the time by the volume of sample used— and this is 
calculated to parts per ioo.cxx). The standard strength of 
permanganate solution is o-igj grm, of the pure crystallized salt 
per litre: 1 c.c.= oooi grm. of available oxygen. 

The acid used is i part by volume of pure H^SO^ to 3 parts 
of pure distilled water. Permanganate solution is added till a 
faint red tint remains for some hours. 

Example.— 100 c.c. of a sample, made up to 250 ex. with tap 
water + 25 c.c. of permanganate + 25 c.c. of acid required 18.5 
C.c. of thiosulphate, the blank requiring 30-6 c.c (30-6—18-5) 
* ■00008" [000=0-968 pts, per 100,000 of oxygen consumed. 

As the oxidation is never quite hnal, it is important that 
standard conditions of time and temperature should be observed. 
Unfortunately a uniform method of working has not yet been 
agreed on between all observers, therefore the exact method used 
should be stated. The chief modifications are: — 

(i). Sociely of Public Analysts' standard, originally proposed 
for waters. Two equal samples maintained at 80° Fahrenheit 
one titrated after 15 minutes, the other after 4 hours: 250 c.c 
liquid, 10 c.c. acid, rocc. permanganate. 

(2). Mersey and Irwcll Joint Committee, specially for sewages 
and effluents. Temperature 60" Fahrenheit. Two portions of 
70 c.c. of the sample with 10 trx. of acid and 50 cc permanganate 
are titrated, the one after 3 minutes, the other after 4 hours. 

At the Manchester meetings of the Society of Chemical. 
Industry in January and April, 1898, the oxygen test was 
elaborately discussed. It was stated that: — 

Cl). " The three minutes test showed (nitrites, ferrous salts, 
sulphuretted hydrogen and) putrefying matter decomposing 
permanganate at once with acid." 

(a). " The difference between 3 and 15 minutes showed matter 
readily putrefying and rapidly decomposing acid permanganate." 
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(3). "The difference between 15 minutes and 4 hours gives 
matter capable of putrefying, though slow to decompose." 

Mr. Frank Scudder gave the following examples of oxygen 
consumed by Sal ford sewage effluents: — 



Samples. 


3 minutes. 


+ la minutcB. 


+ 125 minutes 


= 4 boors. 


No. I 


087 




+ 131 


= 3-J3 








152 






064 








4 




096 


: so 








0-5^ 


117 






Ci6 


063 


1*4 


3^5 



(J. S«c. CHem. lad.. Jfta. and May, 1898.) 

Inasmuch as the important point is to discover how far the 
sewage or effluent is deficient of complete oxidation, I have 
preferred to obtain as quickly as possible a final figure by taking 
50 or 100 c,c. of the sample, making up to 250 cc. with pure 
water (a good tap water answers in most cases), adding 25 cc. 
acid and 25 cc. permanganate, heating on a water bath (along 
with a blank) to 80'^ cenligrnde for 2\ hours, and titrating as 
described in the above example 

Mineral Constiliienls. — When there is time, much further 
information can be gathered from an examination of the 
inorganic ingredients of sewage. Where trade effluents are 
concerned this often constitutes a principal part of the enquiry. 
The processes are the same as those of ordinary analysis, but on 
accoimt of the changes that occur on incineration, many of the 
estimations must be made on the original, and not on the ash. 

Based on an average water supply of 33 gallons. Wanklyn 
gives the following amounts per head per day in grammes r — 



Fzcal 



Sulphates are often of great importance : they are naturally 
derived, with sulphides, from the breaking down of albuminous 
matters, and also are artificially added in various forms of 

1 chemical tre;ilmenL Here is an instance from my own experience. 

I the river being a small one ! — 
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Sewage Farm Effluents. 




Water of the River. 


I. 


11. 


HI. 


Abo^ 


e ihe discharge. 


Below ditto. 


»5-8 


"■' 


3^8 




461 


864 



It can be calculated from these figures that the effluents con- 
taminated the river to the extent of one-eighth of its volume. 
Allowance must be made for the natural sulphate in the river, as 
many rivers are very selenitic, especially in magnesian lime- 
stone and oolite districts. On an average, as pointed out by 
Wanklyn, the larger quantity of diluent water contributes at least 
as much sulphuric acid as the smaller volume of urine, therefore 
in domestic sewages the measurement of sulphates is of less value 
than the measurement of chlorine. Wanklyn also gives the 
following averages for sulphates as SO^ in various waters and 
in what he names " typical sewage," i.e., urine diluted with pure 
water to 100 times its volume. This phrase is based on the 
estimate of the average urine per person per day being 15 litres, 
and the average water supply 150 litres, or 33 gallons per head 
per day, which is a ratio of i to 100. 

Sulphates as SO, in parl<i per loo.ooo 

Urine 160 

" Typical Sewage " .,, if, 

London waters :— 

WesI Middlesex .. j 46 



Pkospkales. — Both urine and fteces contain in proportion to 
the solid matter a large quantity of phosphates both of the 
alkalies and of lime and magnesia, hence in testing drinking 
waters for sewage contamination the phosphate test is of great 
value. But in examining sewage effluents both from coke filters 
and from chemical treatment I have found that the phosphates 
have almost entirely disappeared, owing to the fact that they are 
precipitated by iron present in the materials or by lime in the 
water or precipitants. Therefore, in this case, the determination 
is of less value 



I is of less value 
Potassium.— 
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Porter found in the ash of human excrement 6-i per cent, of 
KjjO and 507 per cent of Na^O (Ann. Ch. Pharm., Ixxxi., 109). 

Therefore, the ratio of the alkalies sometimes furnishes infor- 
mation as to the character, whether faecal or urinous. It must be 
remembered, however, that the urine of horses and cattle contains 
a considerable amount of potassium. 
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.iH/i»(«ri^— standards ot I'uHficalion— Determiiialion ot| 
Ntlcates — Nitrites — Organic NitroHe'i-^L'issoIved OxyxE"— Carbunic Acid — 
Incubator Tesls—Wciglits discharged per day^Propoaed Standards (or4 
EfSusDis— Katio of Chlorine to lotnl Nitrogen and of oxidized lu unoiidiied | 
Nitrogen 

Nitrates. — This determination is of very great importance. I 
Sewages, as a rule, contain no nitrate and only traces of nitrite, ; 
while effluents may contain large amounts of both. 

I have adopted a slightly modified indigo process, which I 
determines nitrates only, the w-phenylene-diamine method being 
used for nitrites. Duplicates with the Cruni method and with 
the copper-zinc couple, giving the total oxidized nitrogen, have 
agreed closely with the above. 

For the indigo titration, a standard indigo is made by dissolv- 
ing 05 grms. of crystallized indigotine in 20 c.c. Nordhausen \ 
sulphuric acid, allowing to stand 34 hours, diluting very cautious- 
ly, filtering if necessary, and making up to 1 litre. This solution 
keeps well in the dark ; its strength is determined, and con- 
trolled at intervals, by means uf KNO^ solutions of difri:rent 
strengths, and a curve is constructed giving directly the relation 
between the number of the c.c.'s used and the grms. of nitric nitro- 
gen present in the quantity taken ; for the ratio between the cc's 
of indigo and the nitric nitrogen diminishes gradually in a curve 
as the solutions become stronger. The quantity of water or 
eflluent used should not require more than 10 c.c of indigo, and is 
better kept at about 5 to 6 c.c. or even less. fn titration the 
strength is uniformly maintained at 25 c.c. liquid to 50 c.c, Hj,SO^ 
free from nitrate ; and it is important to make blank estimations, 
as several samples of acid have been found to be faulty. The 
quantity of liquid found suitable, and made up to the 25 c.c. with 
distilled water, is mixed rapidly in a thin flask with the acid 
(over a sink or dish, in case of fracture), and is immediately tit- 
rated, while still hot, with the indigo. The rapidity with which 
; this can be done has enabled me to determine nitrates in situ, at 
I intervals of a few minutes on river banks or in runnings from , 
filters, so as to ascertain the fluctuations. If samples were simply 
collected, transferred to the laboratory and determined by a 
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I longer process, they would luive undergone such changes 
t make the results erroneous. 

The amounts usually found to be suitable for a delermination 
ire: — For ordinary drinking waters. 25 c.c, ; for highly nitrated 
waters or effluents, 10 or 5 c,c made up to 25 cc ; for sewages or 
low nitrated effluents, 50 or even 100 cc, with 100 or 300 cc of 
HjSO, maj' jje used. With practice tlic slight tint of blue 
produced by O' 1 c.c excess of indigo is distinctly perceptible, even 
when the liquid acquires a brown tint after the acid is added. 
Occasionally the flask cracks when tlie mixture is made— as it 
should be — suddenly, so this contingency must be provided for. 
The titration should be done as quickly as possible, but a blue that 
is permanent for two minutes remains as a rule for half-an-liour 
NilrUes.^-Thi solutions required are : — 

(1). A half per cent, solution of melaphenylenediamine in 
dilute sulphuric acid : if much coloured it can be bleached by 
filtration through purified animal charcoal, 

(3), Diluted sulphuric acid ; one part to two of water, 
(3) Standard Na NO^ solution. 50 cc of the sample are 
placed in a Nesslcr glass, 1 cc. of the met aphenylene -diamine 
and I c.c. of acid added : on standing a yellow brown colour 
slowly develops with even traces of nitrite. The colour is 
imitated with standard nitrite solution in the same way as 
Nesslcrizing", taking care that the original and the imitation are 
started at the same time. 

Org'iHu Nitrogeti.^As it has been proved that the organic 

matter in water is altered by distillation, and also changes rapidly 

. on standing. I sought to devise a process which should, without 

' distilling, obtain the results of a number of sewages quickly and 

comparatively, and yet with sufficient accuracy I adopted the 

following modification of the well-known Kjcldahl process to 

ascertain the imoxidized nitrogen, to which I attach great 

imiiortance in its relation to the oxidi/ed nitrogen represented 

hy the nitrates and niiritcs The quantities used for analysis 

are regulated by ihe strength of the liquid, and are, of course, 

larger for an average effluent than for a raw sewage. The 

amount aimed at in the final Nesslcr titration is such as will 

[correspond to 1 c_c of the original sewage or 5 c.c cHluent, as that 

I quantity, made up to 50 cc with ammonia-free water, generally 

■A suitable colour 

• Sm Sfltun't Voium-lnf .Imlyat. lS</^. pp. 
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Free Ammonia.— i cc. is diluted to 50 cc. and Nesslerized In' 
this dilution the lime and other salts do not interfere, and th&; 
figure obtained is the actual saline ammonia present 

Kjeldakl. — lO cc. of a sewage or, say, 100 cc. of an elHuent 
+ 4 cc of pure sulphuric acid are heated in a pear-shaped hard 
glass flask in a slanting position until the liquid becomes colour- 
less. When about 2 to 3 cc remain, the flask is cooled and is 
washed out witli small quantities of ammonia-free water into a 
ICXD cc measure, until the volume of the liquid reaches about 
40 cc An excess, i.e. about 35 cc, of soda solution (25%) free 
from ammonia is now added, when a flocculent precipitate is 
tlirown down. After cooling, the liquid is made up to 100 cc, 
transferred lo a clean and dry stoppered bottle, and shaken at 
intervals until the flocculi — which at first float entangled with 
air-bubbles — subside. A suitable fraction of the clear liquid 
is then pipetted into a Nessler glass, diluted to 50 cc, and Ness- 
lerized. TAis gives ike lolal imo.udised 'Nitrogen in hrnis of 
Ammonia. The free NHg, as found above, is subtracted, and thc'' 
remainder calculated into " Organic Nitrogen (Kjeldahl)" I 

In order to see whether the presence of nitrite and nitrate' 
interfered with this estimation — i.e., to see whether the nitrogen 
of these was wholly or partly included in the result, or whether 
it was left out altogether, some experiments were made with an 
effluent from a works which was strongly urinous in chaiacteTi 
containing m one case 3175, and in another 23-5 parts per 
loo.cxxi of chlorine, together with 32-5 and 35 parts of free' 
ammonia, but with no nitric nitrogen. Nitric nitrogen in the form 
of potassic nitrate was added to these in proportion of (a) 6'8, 
and (b) 13-6 parts per 100,000, and the liquids were then immedi- 
ately KjeldaMed as above. The Kjeldahl nitrogen found pet 
itXJ,OCX) parts was : — 

FitH 5(M«. — 10 cc. liquid -t- a cc. H,SO.. 

) 8 pans nitric nitrogen tj 6 parts nitric niinigea. 

Found: — 415 nitrogen 35 a nitrogen 37 5 nitroKen. 

Sicond Scriis.—iu cc. liquid + 4 cc, H,SO,. 

Added r— No nilrale 6-8 nitric nitrogen ... 13 6 nitric nitrogen. 

Found :^4:o nitrogen 37 5 nitrogen .. ... jgonitrogen. 

The actual amounts of standard ammonium chloride solution 
(l cc.=-oooo5 grm., NHg) required to imitate a dilution corres- 
ponding to 0-r cc of the original, which was found to give a 
measurable colour, were: — 

U)°7o (3) 075 

(5)073. {6.} 078. 
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I The weak point of the above process is the multiplication, but 

^^^ this obtains in all Nesslerizing processes where the amount of 
^^M nitrogen is large. Effluents or sewages containing such a large 
^^^K quantity of ammonia together with nitrate are not found 
^^^Laatu rally, but these experiments show that a large excess of 
^^^Rsulphuric acid prevents loss of nitrogen by secondary action. 
^^H The sulphuric acid must be tested for N by a blank expert- 
^™ ment 

The organic N found as above is always higher than the N as 
albuminoid ammonia. Dr. McGowan proposes to call the 
difference the " X " nitrogen. This quantity is considerably 
lower in a good effluent than in a raw sewage, showing that the 
organic matter in the effluent is more easily broken up by the 
permanganate. 

Dissolved Oxygen. — As it is very important to ascertain the 
absorption or disappearance of free oxygen in a sewage or 
effluent, I have adopted the simple process introduced by Winkler, 
which gives sufficiently near results. An accurately stoppered 
bottle, of which the contents are known when full, is completely 
filled with Che sample. A convenient volume is about 300 cc. 
One cc. of a nearly saturated solution of manganous chloride is 
passed to the bottom by a long pipette, then 3 cc. of 33% 
caustic soda containing 10% of KI are similarly added. The 
stopper is inserted, and the bottle moved round so as to mix 
the whole. The MnO absorbs the free O and becomes brown. 
The whole is allowed to settle, then 3 cc. of concent. HCI are 
passed to the bottom without any bubbling of air. when iodine is 
liberated in proportion to the free O. The contents, after 
mixing, are poured into a porcelain dish and rapidly titrated 
with centinormal thiosulphate and starch, as already described 
under oxygen consumed. 

The calculation is as follows. For this purpose a correction 
for temperature and pressure is not necessary. 

ic.c.ofO = 001434 grm. 

I c c. centinormal thio. r 00D08 grm O 



:. centinormal Ihio ^ - — = osjSc.i 
001434 



The volume of liquid taken being known, the result is calcu- 
lated to cubic centimetres of dissolved oxygen per litre of the 
sample. To simplify the calculation, a coefficient should 
obtained, convening the cc. of thio. required by the volume 
I the bottle used, directly into cc. of O per litre 
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ExampU.—lh.e. bottle held 342 c.c 
etched OD the bottle) : — 



lA-hen full (this volume i 



163 



'I'herefore, for this bottle, I c.c. thio. = ■163 c.c. O per litre. 

A table can then be constructed {jiving the direct reading. 
The value of this determination can be gathered from the fact 
that in ail the later purifymg changes of sewage, oxygen is 
absorbed. It has been too much neglected, owing to the 
difficulty of the methods usually proposed, and the complica- 
tion of the apparatus. To be of practical value it must be done ( 
on the spot, within a few minutes of collection, and without I 
change of temperature, agitation, or exposure to air, so that of ' 
course accuracy must be to a certain extent subordinate to | 
rapidity. 

To begin with, a trial should always be made with the ordinary ' 
lap water, which may be assumed to be fully aerated. It will be 
found to contain about 7 c.c of O per litre. According to the 
laws of solution of gases, at higher temperatures in summer 
rather less, in winter more, will be dissolved. Roscoe and Lunt 
in their table give at 5" C. 8-68 ; at 10° C, 777 ; at 15° C, 696; 
at 20° C, 6-28 C.C. of O per litre in saturated water* It ie rarely 
that the temperature of good efRuents falls below 10° C. owing ' 
to the heat produced by the o.vidation of the organic matter. 
I have found in trials of the tap water in different parts of j 
England 7-2. 7-33. 724, and similar numbers of c.c, of dissolved j 
oxygen per litre. 

This process is interfered with by the presence of large j 
quantities of organic substances which absorb the liberated 
iodine, and by the nitrites which occur in many effluents them- 
selves setting free iodme when acidified. Such interference can 
be to a great extent prevented by working very rapidly, running 
in the thiosulphate till the brown colour of iodine has just 
disappeared — -not using starcht. 

Useful data to record are; — 

7 c.c of oxygen per litre - 1 part by weight in 1 00,000. 

I cub. ft. of O = 40*6 grms., or 1 gallon of O = 552 grms. 

Carbonic Acid in Sewage and Effluents. — Tlie importance of I 
this determination was recognised by the late Professor W. A. I 
Miller, who in 1859 determined the amount of carbonic add in I 

•[ Chem buc, i88y p. 551 
f I have intioduced a modification which elimitiHles Ihe interference completely 
'.c. by acid permanganaic. (Kidealand 



F 

^^H the "sewage-laden" water of the Thames at Woolwich, and in 
^^B the clearer upper reaches at Kingston. His results show the 
^^H following number of c.c. of dissolved gases per litre ; 

I. 

^^ ox 
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The organic matter of the sewage entering the lower reaches 
of the river is thus oxidized at the expense of the dissolved 
oxygen, and carbonic acid is produced, while the nitrogen being 
near the saturation point in each case, as it must be in a hqtiid 
freely exposed to the air. we cannot gather from its figure how 
much nitrogen has been evolved as gas. But the amount of dis- 
solved COj ill a sewage or effluent will be always much lower than 
the organic matter which has produced it, on account of the loss 
by diffusion. Useful information, however, may be sometimes 
obtained in the following way. 

Equal volumes (about lOO c.c.) of the sewage and of the corres- 
ponding effluent are precipitated in closed vessels with excess of 
clear lime water, and, after settling, filtered; the precipitated 
carbonate of lime is washed with boiled distilled water, trans- 
ferred to a dish and titrated with decinorma! HCl. using methyl 
orange as indicator The increase in the amount of carbonic acid 
found m the effluent will indicate the niimmum amount of carbon 
that has been oxidized in the purification process. r cc of 
decinormal acid = 0022 grms, of CO,, or 0006 grms. of carbon. 

I will give some examples from my ovm experiments. 





Cc. Acid, per Lilre- 


Grms CO, 


per 100.000 


Equal lo lbs. of 
carbon oiidiied per 
million gals, sewage 




Sewage 


Efflaent 


Gain 


per 100,000 


3 


15a 


94 4 
1056 


i68 
564 
456 


"5 

1003 


338 


34' 

338 

'74 



The last column illustrates one advantage of stating the 
results in parts per 100.000. As a gallon of water is lolbs., they 
are translated at once into lbs. per million gallons by multiplying 
by loa 

Incubator Tests. — From the very begirming it has been known 
that a water which was good and sweet would " keep," and that 
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anolher whicb was bad in origin would " foul." This elementary 
fact seems to have been first utihzed as a scienti&c test by 
Dt. Dupr^ in 1884. He stated in reports to the Local Govern- 
ment Board that if a pure thoroughly- aerated water be kept out of 
contact with air for say 10 days, it will be found lo have remained 
fully aerated. Sewage- polluted water also, when sterilized by 
heating, remains fully aerated. Bui if the water contained any 
impurity capablt^ of combining witii oxygen, and also contained 
living organisms, the amount of aeration would diminish. It was 
hoped that the degree of diminution would give some measure of 
the number of organisms present — this was at a lime when the 
number of organisms was more considered than their species, 
functions or activity. The process involved determinations of 
free dissolved oxygen similar to those we have described, and is 
still of considerable value. 

The late Charles Heisch in 1870 mixed the sample with pure 
cane sugar and exposed it to sunlight, noticing the effect as to 
fouling and growths. 

The incubator test made prominent at the Manchester enquiry 
of 1S99 is similar in principle but differently carried out The 
official description is: — 

"A determination is first made of tlie O absorbed from 
permanganate by the original sample in three minutes. A bottle 
is then completely filled with the sample, and closed and placed 
in the incubator at So" F. for five days The tliree minutes 
absorption of O is then again determined. If any putrefaction 
has taken place the oxygen absorbed in three minutes will 
increase in amount owing to the more ready oxidizability of the 
products of putrefaction. On the other hand, if the sample keeps 
sweet, there will be a slight decrease in the three minutes 
absorption after incubation, owing to the slight oxidation of the 
impurities which has taken place during the five days by means 
of air dissolved m the sample." 

Any change of odour or appearance of putridity is also care- 
fully noticed. 

In the Manchester reports a great number of examples of the 
results of this incubator test are given. 

This test, although extremely useful, is arbitrary in character, 
as an effluent is not intended to be stored by itself, but when 
finished, to be discharged at once into water which is moving 
and aerated. If an effluent passes the incubator test it can be 
discharged into a dry ditch without fear of subsequent putrefac- 
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f tiou. At Manchester they have determined the behaviour of 
I mixtures of equal volumes of bacterial filtrate and Ship Canal 
I Water and have found that almost invariably such mixtures 
I remain sweet. The Ship Canal water alone, when tested in this 
r way, frequently gives an unsatisfactory result, so that the 
I effluent actually improves the waters of the canal. 

The Mersey and Irwell Joint Board incubate at 65° F. for 
I seven days, but by working at the higher temperature of 80° F. 
I as above, results are obtained in a shorter time. 

The weights discharged per day per average person have been 
I given as follows" : — 

• Franlilanf!, kivers iVIlulii 



L 




Corresponding 10 pari* pet 100,000 


1 


Grammes 


in the Sewage; — 


■ 




P 


per day 


With a waler supply, With a dillo of 150 
of 100 Hires 1 litres (3i gallons) 


^ 




zi gallons) perbead 


per head. 


■WetfsBces:- 


907 


907 


604 


Organic N 


"■34 


■34 


09 J 


P.O. 


iSS 


iSfi 


rie 


Urine:- 


"74 


1174 ■ 


783 


Organic N 


10-52 


1052 


70 


CO, 






'■4> 


In both logelhor :— 








SO, 


1S8 


r88 


126 


CI 


504 


504 


3 36 



The amotmt of ffeces given in the above figures includes the 
water associated with them: the faecal solids insoluble in water 
and dried free from associated water amount to from one-half to 
one-third the above, and therefore the quantity of matter required 
to be brought into solution by a liquefying or hydrolylic process 
i approximately 20 to 45 parts per 100,000, In chemical pro- 
cesses where sludge is formed, this being still wet and associated 
t with water will amount to 60 to 90 parts per 100,000. These are 
nimura figures and. of course, in precipitation processes, the 
weight of sludge is increased by the weight of lime or other 
precipitant mixed with the fa;cal solids. Road detritus, in the 
absence of settling tanks, and solids of non-excrementitious 
origin also frequently cause the above amounts to be exceeded. 
Proposed Standards. — Sewage does not properly include manu- 
facturing waste liquids. Many authorities prohibit the admission 
t of such refuse into the sewers without preliminar}- treatment 
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For example, the West Riding of Yorkshire Act for 1894 includes 
as sewage to be treated by the local authority " unpurified urine, 
excrement itious matter and liquid refuse of any house or premises, 
blood and the washings of the slaughter-house containing urinary 
or faecal matter," but excludes any liquid rendered poisonous, 
noxious, ot polluted m the course of some manufacturing process. 
Amongst the standards which have been proposed in the past, 
or have been adopted by local bodies, are the following, some of 
which have been repeatedly quoted in papers on the subject, 
while others are gathered tentatively from published documents, 
or from a consideration of decisions in disputed cases. None of 
them, however, have strictly the force of law ; in fact, some have 
actually been disclaimed by the bodies lo which they were 
attributed. The proportions are parts per loo.ooo: — Rivers 
Pollution Commissioners — -Organic carbon, 2>o ; organic nitro- 
gen, 03. Thames Conservancy — Organic carbon, 30; organic 
nitrogen, M. The Thames Conservancy state that they require 
a higher standard for effluents just above the intakes of the 
water companies than for those below. Derbyshire County 
Council — Albuminoid ammonia, 01 ; oxygen absorbed, I'O. 
Ribble Board — Albuminoid, o-i ; oxygen absorbed, 2-0. Mersey j 
and Irwell — Albuminoid, 0-14 : oxygen absorbed 1-40. Provisos | 
as to amount of suspended solids, acidity, alkalinity, metals, etc, 
;ire inserted rn some, and have special reference to manufacturing 
effluents. But in all these arbitrary limits, no account is taken 
of the volume of the river into which the effluents are discharged, 
although attention was long ago drawn to the purifying action of 
river water. The London County Council have recognised the 
fact that an oxidizing agent added to the effluent at the lime of 
contact with the river firevents any foulness. Provided, there- 
fore, a river is well aeraled, or an effluent is well nitrated, or an 
oxidizing agent is supplied in sufficient quantity at the time of 
contact, an effluent may contain a larger quantity of organic 
matter than has been sanctioned in the past, and variations in 
such quantities are permissible under conditions varied In the 
above way, I have already mentioned in Chapter I. the limits 
that Rudolph Hering has recommended in the T 'ntted Slates 
for the amount of free ammonia that may be allowed to arise 
from discharges into a stream, and the conclusions of the 
Engineer to the Massachusetts Board. I pointed out that their 
limits corresponded to about 50 volumes of river water to average 
sewage in this roimlry. .ind that such conditions are only possible 
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^^H under very special circumstances, while the limit is much 
^^f than we have found necessary in England. In other 
I agree with this authority that the quality of the stream and not of 

I the effluent should be taken as a basis, and that some fixed dis- 

1 tance below the outfall in midstream should Ijc specified as the 

^^^ locality at which samples should be taken. 

^^H Mr. DibdirCs Fisk Tfi/.— Mr. Dibdin has recently put forward 
^^r this test, which he describes as follows:— "He had long since 
' adopted in his own mind a physiological standard, viz., that the 

quality of an effluent should be such that fish could live healthily 

in it such a definition involves necessarily the 

absence of poisons and the presence of oxygen." But while an 

effluent which kills fish is obviously unhealthy, it docs not follow 

that one where fish will live is therefore a good one. It is well 

known that fresh-water fish are gross feeders, and fish in large 

numbers are often seen to congregate at the mouths of sewers 

where f^cal matter is visibly floating, being attracted by the 

U fragments of food and insects carried down by the sewage Fish, 

I in fart, are more affected by muddy water and by chemicals 

1 from factories than by excreta. 

To show how far rigid conclusions may be carried, Mr. Naylor, 
of the Ribble Joint Board, sent me copies of his official reports 
to that authority, in which I noticed for example that on 
January 7th, i8g7. an effluent of 150,000 gals, with loi albumi- 
noid ammonia and ! 95 oxytl'^Q" consumed was passed as good, 
but one of 123,000 gals, and \-6 oxygen- consumed with an 
albuminoid ammonia of -108 rs only considered fair. 

Many waters are inoffensive which contain a comparatively 

high amount of albuminoid ammonia. The following, on the 

other hand, is an example of a putrescent and otherwise 

objectionable liquid which did not show a corresponding excess 

of albuminoid. A putrid meat solution was diluted witli water 

in the proportion of i to 6,ocx), and the fluid, which smelt strongly 

like sewage, was analysed like an ordinary sewage effluent It 

gave in parts per loo.oco, free NH, ■03';. albuminoid NH;, -083 ; 

k oxygen consumed, 044 ; no nitrite or nitrate. This liquid 

I remained putrid and foul-smelling for more than a week, 

I Dr. Kenwood cvpericnced " that the albuminoid ammonia in 

offen.sive efRuenls was initially materially below that of several 

of the inoffensive effluents" (San Institute. April 17th, igoi). 

It is obvious, therefore, that an arbitrary standard based upon 

L the albuminoid figure is valueless 
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The processes at work in destroying the putrescible matter in 
sewage involve its transition Into products yielding albuminoid 
and free ammonia ; an increase in the free ammonia, therefore, 
is actually a proof that so much destruction of nitrogenous 
organic matter has occurred. Albuminoid ammonia in an 
effluent may also be a good sign, indicating either that organic 
matter as sediment has gone into solution, or that stable soluble 
matter has been partiaily broken up. In a research on the 
different actions of sodium peroxide and of permanganate 
on the organic matter in water," I have shown that 
different kinds of " albuminoid ammonia " are possible, 
remarking that waters containing fresh sewage which has 
been partly oxidized by the peroxide yield the remainder 
of their ammonia to the alkaline permanganate much more 
rapidly than when the water had not been so treated, and 
suggesting the presence in waters of organic nitrogenous matters 
which, when partially oxidized, are then in a condition to be 
completely broken up by the stronger reagent. When the 
albuminoid ammonia process was introduced it was well known 
that there was a varying relation between the quantities of 
albuminoid ammonia and the amounts of different kinds of 
organic nitrogenous matter. The works of Preusse and Tiemann, 
Mallet, Leffman and Bean, P. Frankland and others have 
confirmed the inference that, although a useful indication, too 
much importance must not be placed on this item of the analysis. 

An effluent that is in an active state of wholesome bacterial 
change, in presence of free and potential oxygen, will conform to I 
Adeney's proposed lest :— " The limit of impurity to be allowed J 
in a water should be such that when a given volume of it is 
mixed with a given volume of fully aerated river water, and the 
mixture kept out of contact with air, a decided oxidation of the 
ammonia originally present into nitrous or nitric acid shall be 
indicated." It will be seen that this proposal of Mr. Adeney's 
is practically an incubation test, and the result obtained by it 
should be similar to those given by the incubator test already 
described as adopted in the Manchester experiments. I 

Ratio of the Chlorine to the Total Nitrogen. 
In perfectly fresh excreta, taking the solids and liquids together, 
the total nitrogen somewhat exceeds the chlorine This propor- 
tion will remain unchanged when diluted with water containing 
• Biiihh AstKaalioH Hifvits. 1893, 
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only the ordinary small amount of chlorine, as long as the 
nitrogen remains in fixed forms. Therefore the ratio is applicable 
to fresh sewages generally, independent of dilution, but will be 
immediately altered by the production of gas. Let CI and N 
be the parts of chlorine and nitrogen respectively, the " residual 
ratio" will be^ — 

„ _Nk lOO 

^ CT 

Or, in cases of great dilution, with a high chlorine W in the 
water supply : — 

The simpler formula is usually sufficient. In the original 
excreta the number R'will be somewhat over lOO, in fairly fresh 
sewage it will be about loo; in bacterial effluents, on the other 
hand, the fall of R will indicate the gaseous dispersal of nitrogen. 
With chemical or mechanical treatment R will fall, owing to the 
abstraction of matter as sludge. Where heavy nitrification has 
been the main feature, there may be little or no fall, this after- 
wards occurring rapidly in the process of denitri&cation, when 
the effluent is admixed with other water. 
The following table bears on this point; — 

Table ok the Relation of Nitrogen to Chlorine 
AND OF Oxidation. 
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As nitrogen is significant of the more dangerous forms of pollu- 
Ll'tion, a calculation of the ratio between the different forms of 
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nitrogen furnishes more useful information than a mere con- 
sideration of its amount, inasmuch as nitrogen compounds when 
oxidized are harmless, but when unoxidized are liable to occasion 
smells, and to be in other respects deleterious. A certain quantity 
of nitrogen is lost as gas during the changes, but the residue will 
give a minimum measurement of the original sewage strength. 
The proportion between the oxidized and unoxidized nitrogen 
will then denote the extent to which the sample has been purified 
A judgment can therefore be formed from the sample without an 
analysis of the original sewage, as the chlorine contents also give 
a clue to the strength, and thus such a method would have an 
advantage over the ordinary system of calculating sewage puri- 
fication, as it obviates the difficulty of obtaining conformable 
samples. Even where a correction is made to a standard chlorine 
value in comparing the sewage entering and the efliuent leaving 
a certain works, the system I suggest will still have great 
advantages. As ammonia must be recognised as a preparatory 
or transition, and not a finished product, it must be considered 
as part of the residual unoxidized sewage, and only indicates 
progress towards complete purification, and gives a criterion as to 
whether a process is working satisfactorily. A large number of 
the failures in sewage disposal methods have been owing to the 
effort to obtain by chemical treatment or filtration a liquid from 
sewage which should bear some resemblance to drinking water ; 
euch an end is impossible without impracticable expenditure, 
time, and space, attended by disastrous breakdowns at intervals. 
Fortunately methods have been found which by natural agencies 
allow us to carry the purification to a rational and harmless stage. 
when such factors as time, light, volume of oxygen, and various 
life of a river will be more than sufficient to deal with the effluent 
A few examples to show how the percenta^-c of oxidation reveals 
the purification effected by different agencies may be quoted here : 
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[ UaCtbria occurring in Sewage — Their Idenlification and Numbers, and Morpho- 
logical Cli arac I eristics —Uacierial Tests for Ihe Purity ol RffluenlB — 
Possibility of ihe Survival of I'alhogenic Organisms 

The bacteriological examination of sewage is attended with 
some difficulty owing to the enormous number and variety of 
micro-organisms that are present. Drs, Clowes and Houston in 
their first report to the L.CC. on the bacteriological examination 
of London sewage (June, 1 898) found that the number of bacteria 
per cubic centimetre in the Barking crude sewage varies between 
7 millions and 500.000 and in the crude sewage at the Crossness 
outfall between 5 and 2^ millions. Obviously millions cannot 
be dealt with, and therefore a minute average fraction of the 
sample, bearing a definite relation to the whole, has to be 
examined. If we attempted to measure such small quantities 
directly it would neither be accurate nor representative of the 
whole ; a systematic dilution of the sewage has, therefore, to be 
followed. 

Collection of Samples. — Samples of sewage are collected in 
small glass-stoppered, or better, rubber-stoppered flasks, holding 
about 50 cubic centimetres, which have been previously sterilized 
by heat The flasks are filled so as to allow a small air space, 
placed in water-tight tins, and at once packed in ice and 
despatched to the laboratory. If possible, the culture plates for 
counting the number of bacteria should be started on the spot 
and then conveyed to the laboratory for incubation, as micro- 
organisms multiply exceedingly rapidly in sewage owing to the 
quantity of organic matter that is present, though this is to a 
great e-tteot retarded by the ice. 

Dilution of the Sewage,- — To inoculate the different cultures for 
isolating and counting the various bacteria present, the sewage 
is diluted in the following manner: — 

A number of i c.c pipettes and Rasks holding about 150 cc 
are plugged with cotton wool and sterilized, pg cc of sterile 
, water are then placed in each of the flasks, and i cc. of the 




sewage is then added to Na i flask and well shaken, witbl 
another pipette i cc. of this dilution (corresponding to O-OI ccJ 
of the original is transferred to No. 2 flask and so on. In this I 
manner, minute fractions of a cubic centimetre of the original J 
can be taken with great accuracy, provided that eacli dilution i 
well shaken so as to evenly distribute the bacteria. 

Nutrient Media. — Cultivations are made with various media, I 
such as nutrient gelatine, agar-agar, meat broth, milk, blood I 
serum, potatoes, albumen, etc., etc. The most important of these | 
is the nutrient gelatine, which consists of meat broth mixed witl 
10 to 15 per cent, of gelatine, 1 per cent, of peptone, and 05 per 
cent of common salt ; it is rendered neutral or very faintly alka- 
line and clarified with egg albumen. While hot, quantities of 
about 10 c.c. are run into test tubes fitted with cotton wool plugs, 
the cotton wool and tubes having been previously sterilized by ■ 
heat. These tubes are then fractionally sterilized by steaming | 
for half-an-hour on three successive days. When properly pre- 
pared, the jelly is quite bright, should not melt at 22°C., and 
should undergo no alleration on keeping, as the cotton wool 
plugs, while admitting air, exclude the micro-organisms floating 
in it The agar-agar is prepared in a similar manner, 2 per cent I 
of agar-agar being substituted for the gelatine — this remains I 
solid at blood heat, and is. therefore, used for cultures at the I 
higher incubation temperatures. These tubes of gelatine and I 
agar are always stocked and they are employed for the following I 
cultivations, 

/. Plate Cultures. — This method was originally devised by 1 
Koch, and is almost invariably resorted to for the isolation off 
bacteria. A gelatine tube is melted at a temperature of about 
30"C., one aibic centimetre of the sufficiently diluted sewage is 
added with a pipette, the tube is gently shaken, and the contents 
poured into a shallow glass dish with a close-fitting lid — this 1 
" Petri dish " and the pipette having been previously sterilized iai 
a hot-air sterilizer. The gelatine is now allowed to set, which I 
can be hastened by placing the dish on a block of ice, and it I 
is then incubated at 20"'-22''C, and examined from day to day. f 
If the sewage has been properly diluted, after about 48 hours 1 
according to the temperature a number of centres of growth I 
become visible in the gelatine. These "colonies," which are! 
due to proliferation of single scattered organisms, will usually ^ 
consist of pure cultures of the original germ, and soon exhibit 
characteristic differences Some form cup-shaped depressions 




nnrnir'nrTin * tatHf maixr of ibor gOatim t*^ fa» m> be 
ywnawj ifm ntyimg ir— *■*■*- d Ac WBrnage. m aadcr Id Ui 

wmtt^ m4 Mitm% ommitt of pgtirfartwc pxHs ^bA tx 

\ tit$it t ffia$ tbt OB»rie«* gdatimc vitfa cist u|Hlitji. 

H Om phl€ U loo oowdol uaHj i i i im; sajr bma 

i. fir «atiflt gdttiitt will become flnd owing to 

f Ibe lM|«efyM^ atas, before manr ookwuB wUdi 

p )Mt 4fvtii/jp »/ nif idl/ «ie vbS>le to Ihe naked eye 

'fij( </A<.«*M MX' aMtoLed witb tbe aid of a iDagiuf>'n^ glass. 

^ , 1..^. ,1 -^-f.j; frhaed ua a f[U» pUle ruled in cmtnnetie 

' .'H'* sppaniuft), and as eadi coloay onginatcs 

'I a fa/lor t* obtained from which tbe mnidier 

fj :^'-3/^l in l}ie orij^inal sewage can be calculated. 

'unifA aft " ori^aotHue per cubic ocnlimetre " , sooie, 

l^wtil'ti 4f« in<:a|Mt^j4e of ({rowing under these conditions 

Wnoitt^A m ittf! oiumeration, such as some of the nitrifying. 

lltrrfitcfjiliilir unA «Awrobtc orfcantsms. 

tri llic l/jfldoii C.'Minly Council experiments by Dr. Houston. 
•tU'tM |)lil«« woir otetJ in eslimating the lotal number as 
r7»llflw»i— "Frwno r ly i o c,c, of crude sewage or effluent dilut- 
|id with I'vrxi tinin il» volume of sterile water (i.e., o-ooooi to 
nr^il If itf lltr ori|{tiinI llijid) was added to to c.c of sterile 
K umlrtiftMl tn 11 li-M tiit>e. After llic [gelatine had been 
illril, If wim (Hfiirrd into a IVtri'* capsule, and after solidifica- 
yWm bull Intern pluui* (lie plate was inverted, incubated at 2CfiC., 
I Rtt'l llif I'llitiim >iiibwi(<imtly roiinlcd at as Inte a date as the 
L||t[iii<lflrijiin of Itw |{p|utine and tbe crowdinR of the colonies 
dllowwl o( " 

I lie iiuiiiIk-i (j( iiHires of biiclerta was determined in the 
t follnwintf iniimH'r i " To 10 c.c. of iiterilc yeUitine in ii lest tube 
I'Wa* 'iililwl 1 ( r fif (liluird iewiii;e r.r pflliifnl (i ■- lo). and the 
1 fllinliiic lienffi) Irj Ht/'C (iir Irn iiiiniitrH imd tlicn poured into a 
[,]Vlrl'R nipRutr Aflrr tlir ^elnlinr Imd liccomc quite solid the 
iH liivertRd Jiml Jiiciibiited nt jcfC" 




Tlie organisms which multiply at blood heat are examined 
means of agar plate cultures prepared similarly to the gelatine 
plates, and incubated at 37-38''C. for one or two days. 

2. Anaerobic Cultures.— K% I have already stated there are 
number of organisms in sewage which do not thrive in 
presence of oxygen, and in order to develop these anaerobes they 
must be incubated in an atmosphere of some indifferent gas, 
such as hydrogen or preferably nitrogen. The cultures may be 
enclosed in a jar filled with gas or containing a solution of 
alkaline pyrogallate to absorb the oxygen in the air. 

I find that a certain amount of confusion has arisen from the 
application of the words aerobic and anaerobic in two slightly 
different meanings^-one with reference to the chemical changes 
that occur, the other with regard to the organisms that produce 
them. As the words simply mean " living with air," and " living 
without air," the chemist has applied ihe term "anaerobic" to 
changes occurring by life in which free oxygen takes no part; 
many of these are due to hydrolysis, or the addition of water. 
like that of urea into ammonium carbonate, or cellulose into 
starch, dextrin, and sugar. In this sense, the word "anaerobe" 
implies an organism that effects its changes in surrounding 
matter without oxidatioa But a bacteriologist often uses the 
term "anaerobe" in the sense of "obligate anaerobe." i.e.. one 
that not only does not require oxygen, but is actually inhibited, 
or even killed by its presence. The obligate anaerobes, as is 
shown by our table of bacteria in sewage, are, though exceed- 
ingly active, comparatively few. The facultative anaerobes on 
the other hand, those that can live either with or without 
oxygen, are much more numerous, as being the ones most suited 
to a liquid which contains little or no oxygen, but may at any 
time become oxygenated. Thus yeast, which was classed by 
Pasteur as "both an aerobian and an anaerobian." i.e. as faculta- 
tively anaerobic, when in presence of excess of oxygen multiplies 
vigorously, but does not act as a ferment, whereas in sugar 
solutions containing no oxygen it multiplies with less activity, 
but the fermenlive character is most marked, the yeast attacking 
the sugar, and obtaining any oxygen it requires from it or from 
the water present Boussingault found that normal fermentation 
could be carried on in vacuo, and was greatly promoted by 
removing the carbonic acid and alcohol as fast as they were 
formed, and thus preventing their retarding action. In the same 
way with bacteria, a better result is attained when the liquid 
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products are continuously removed, as in the bacterial tanks of 
CameioQ and Moncrie£f, and the nitrifying trays of the latter, 
than where periods of stagnation occur, as in the intermittent 
system. 

In order to preserve pure cultures and to identify growths 
obtained in the different plates, as soon as the colony is sufficiently 
developed it is carefully examined under a low power with the 
microscope, and minute portions transferred with a sterilized 
platinum needle to various culture media, and the development 
of these sub-cullures noted from time to time. 

i Slreak CuUurfs.^A lube of melted gelatine or agar is 
I allowed lo solidify in a slanting position, so as to expose a long 
I surface, Ihe tube is then inverted, (he cotton wool plug cartfuUy 
removed and the surface of the jelly lightly scratched with the 
infected platinum wire, the plug is then smged and quickly 
replaced. Streak cultures are specially adapted for the develop- 
ment of pigments which generally require free access of air for 
their production. 

4. Sfai/ Cultures. — The tube is held horizontally, the inoculated 
wire plunged steadily nearly to the bottom, withdrawn, and the 
cotton wool plug replaced. Certain ramifying growths show 
themselves better under this method, and moreover the occurrence 
of a growth in the deep layers will often reveal the presence of 
facultative anaerobic organisms which can afterwards be dealt 
with, 

g. Shake Cullures. — The fluid gelatine or agar is inoculated 
with the organism, gently shaken, so as not to produce air-bubbles, 
and then allowed to solidify. If the organism produces gas 
during its growth, the jelly will soon become impregnated with 
small bubbles of the gas, which gradually increase in size and 
number B coli communis, a non -liquefying bacterium present 
in large numbers in sewage, gives the shake reaction after six 
hours incubation at 38°C. 

6. Roll Cullures can be employed in the place of gelatine 
plates when it is required to start the cullures in situ, but they 
must be kept cool and are soon spoilt by the liquefying bacteria 
of sewage; Quantities of about to c.c of nulrient gelatine are 
sterilized in wide test-tubes ; these are inoculated in the usual 
manner, and a rubber cap is drawn over the cotton-wool plug. 
The tube is then held liorizontally in cold water and rotated with 
the fingers till an even layer of the gelatine has set round the 
walls of the tube. 
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7- Surface Plate Cultures. — 'A tube of gelatine is melted and 
poured into a Petri dish ; the dish is then covered and set aside 
in a cool place so that the gelatine shall become quite firm. 
of the diluted sewage is then added and rapidly spread over the 
surface of the gelatine with a sterile benl glass rod and the cover 
replaced. After a few hours the nutrient gelatine will have 
absorbed ihe water, depositing all the bacteria on its surface and 
thus preventing any colonies from starting in the depth of the 
gelatine. In this manner after some days incubation the growths 
are all obtained as surface colonies, and consequently are easy to 
examine and subculture, whereas, deep-seated colonies often 
remain mere dots, and in many cases do not show any differences. 

In addition to the se\'eral methods of cultivation which 
I have described, special reagents may be incorporated with 
the nutrient media, such as litmus to demonstrate the pro- 
duction of acidity or alkalinity, an iron salt for H^S, magenta to 
detect any bleaching action, sugar to aid the production of gas, 
hydrochloric and carbolic acids to inhibit the growth of certain 
bacteria. Also a number of micro-organisms, including many 
pathogenic forms, grow luxuriantly in a particular medium, their 
development in other culture materials, if any, being poor and not 
characteristic ; indeed, all attempts to cultivate some have hitherto 
entirely failed, among which were the nitrifying bacteria until 
recently when it was found thai they required food material 
practically free from fermentable organic matter ; these 
organisms have, therefore, to be isolated by means of a silica- 
jelly plate, proceeding, according to Kiihne. as follows : — 

A solution of potassium silicate of about 5 per cent, strength 
is mixed with 10 per cent, hydrochloric acid, placed in a parch- 
ment paper dialyser. and floated for 2 or 3 days on running water, 
protected from dust, until, after floating the dialyser on distilled 
water for 30 minutes, the water is practically neutral, and gives 
only a faint reaction with nitrale of silver, showing that the 
chloride and free acid have been washed out. The solution of 
silicic acid should be clear and mobile: if there are a few white 
flocks in it they may be strained out; if many, the solution 
is spoilt Two solutions are made containing the following 
quantities of nutritive inorganic constituents in grammes : — 

(a). Ammonium sulphate, 04 ; magnesium sulphate. 0-05 ; cal- 
cium chloride, 0005 ; distilled water, 50 c.c. 

(i). Potassium phosphate, or ; sodium carbonate. 0075 ; dis- 
tilled water 50 cc. 
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^^^H They are separately sterilized, mixed in a sterile flask 
^^^■' closed with a sterilized stopper. The silicic solution is 

^^^H gently down till a sample, on cooling and mixing with one-third 
^^^H of its volume of the above saline solution, sets in about 10 minutes 
^^^r into a sufficiently firm jelly. The saline solution is apt to deposit 
I slightly, but if kept sterile, is not rendered unfit for use. The 

liquid to be tested is mixed with the two solutions and at once 
1 poured into Petri dishes to set, provision being made for an 

ample supply of oxygen. Plates of magnesia-gypsum containing 
the above salts are now used by Omeiiansky.* 

ivenient method of testing the bacterial efficiency of a 
process is to add a portion of the liquid to sterile sewage, obtained 
by means of a Pasteur filler, and to analyse it after a certain 
I time. Thus, Dr Sims Woodhead. in November, 1896, isolated 
at Exeter, five distinct species of bacteria from the crude sewage. 
and three from (he tank effluent, and found that these were 
practically the only ones which could grow freely in the sewage. 
He filtered samples of the tank effluent through a Pasteur- 
Chamberland filter into sterile flasks and tubes, and inoculated 
them in duplicate with cultures of the various organisms separ- 
ated by the plate culture method. After six days growth at the 
ordinary temperature, f determined for him the nitrate and 
L nitrite with the following results : — 
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II is evident from these experiments that the sewage contained 
organisms (No. 6) which reduced nitrate to nitrite, and others, 
(No. 5) which oxidized nitrites to nitrates, so that under practi- 
cally the same conditions two different chiinges can take place. 
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Microscopical Examination and Staining. — Colonies are ex- 
amined with a low power, about i inch, the Petri dish being 

inverted under the microscope, or if necessary, the cover is 
removed. A minute portion of the growth is then mixed with a 
drop of pure water on a cover-glass, dried by a very gentle heat, 
and it is fixed by rapidly passing twice or thrice ihrougii a flame 
with the residue upwards, A drop of the slain is then spread 
over the preparation, or it may be floated face downwards on the 
staining solution, which sometimes requires warming, and after a 
few minutes the specimen is carefully rinsed with water, dried, 
and examined under the microscope with aiith inch immersion 
lens. For such rapid work methyl blue is a most useful stain ; 
fuchsine. gentian violet and other dyes are also used, sometimes 
with a mordant for demonstrating flagella, spores, etc. Many 
bacteria do not stain readily, and the manner in which an organism 
takes up a stain often hel[)S in its identification. Houston points 
out that in London sewage and in the bacterial beds, there are 
some bacteria which, after being stained with hot carbol-fuchsin 
arc " acid fast " and thus resemble the tubercle bacillus. An im- 
pTfssion preparation is taken by gently pressing the cover-glass 
on the colony, which must be on the surface and not too advanced 
in growth. The cover-glass is then removed with the aid of the 
forceps, and after being allowed to dry, the preparation is fixed, 
stained and mounted. When examined in this manner, the 
bacteria often show their natural grouping, which is not defined 
in an ordinary preparation from the colony. 

To study the growth of an organism, and to decide whether it 
is motile, a " hanging drop " examination should be made: A 
drop from a fluid culture is transferred by a platinum loop to 
the centre of a thin cover-glass held by forceps, and this is 
inverted over the well of a hollow-ground slide, round which a 
ring of vaseline has been painted so as to lute down the cover- 
slip. The edge of the drop is at first focussed with a low power, 
and then with the immersion lens. 

The staining and microscopical examination of the various 
bacteria occurring in sewages require great care and experience, 
and beyond the rough outlines which I have given we cannot 
attempt to enter into the different processes. 

The size of organisms is recorded in micro-millimetres = iAj of 

a millimetre (about nUi of an inch) commonly abbreviated /*. 

' 1 the absence of a scale, a comparison may be made with boc 

f known size, such as red blood corpuscles. 
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^^H Sterile water, which is required in large quantities, can be 
^^V obtained by a Pasteur- Chamberland or Berkefeld filter. Appa- 
^^H ratus, cover glasses, etc, must be carefully freed from grease 
^^H and dust, and all vessels for cultures are sterilized before use by 
^^r healing for some hours above ioo° C. Perishable articles, like 

rubber corks, are soaked in a i per cent, solution of formalin and 

then thoroughly rinsed with hot sterile water. 

The enumeration of all the bacteria occurring in a sewage 

would of course be impossible, and a bacteriological examination 

is usually confined to the following items t — 

II. Number of organisms per c.c. capable of growing at 
room temperature (a) aerobic. (6) anaerobic. 
2. Numljer of organisms per c.c, at blood Iieat (n) and (S), 
3. Number of organisms per c.c. that liquefy gelatine. 
4. Special tests for spores and their number per c.c. 
5. Identification of important species and number per c.c. 
6. Special lests for pathogenic forms 
I. — The number of organisms per c.c is obtained from the 
gelatine plate cultures As pointed out previously, this figure 
varies enormously, and to give some idea of what may be 
expected, I have tabulated a few results obtained by various 
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Experiments conducted at Chorley for the Royal Commission 
upon the average number of organisms present in the sewage 
during the successive stages of treatment, gave the following 
results; — 
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The number of liquefying bacteria varied from 2cwxi0 to 
1,000,000 per cc. in the crude sewage, and from 470 to 6o,000 per 

[ cc. in the filter effJiienL In examining beds at Leeds worked on 
the Dibdin principle, it was noticed " that a multiplication of 
organisms occurs in the sewage during its passage from the 
entrance to the works on to the beds. The cause of this increase 
has not yet been ascertained, but the following table suggests 
that the addition of lime to the crude sewage tends to inhibit the 

I multiplication of organisms " : — 
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The dilutions employed in these experiments were as follows : 
I in 1,000,000 for sludge, 1 in ioo,oco and 50,000 for the crude 
sewages, and 1 in 10.000. i.ooo, 500, and 100 for the filter effluents. 
The examination of the gelatine plates was made as follows : 
" The temperature of incubation was from 18 to 20°C. No fixed 
interval of time was selecled for the incubation and counting, but 
they were carefully watched, and every endeavour made to count 
the colonies when the maximum number had developed. This 
was sometimes, but by no means always, rendered difficult by 
the number of liquefying colonies. The plate was counted by 
placing it upon a ruled disc, and a hand lens used to assist the 
operation. To eliminate, as far as possible, errors in counting, 
not only was the large number of 12 plates made from each 

sample, but the plates were divided into two batches 

and it was found that the figures obtained by the two observers, 
worked independenlly, varied but a very little, and showed a 
close correspondence," 

The method employed for determining the liquefying 
organisms in the Chorley experiments has not been described, and 
presumably the counts were made from the ordinary gelatine 
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plates. Clowes and Houston in their examination of the London 
sewage prepared extra "surface" plates for determining the 
hquefiers and they remark in their report that "although this 
method is the best one available, it must be remembered thai some 
bacteria liquefy the gelatine so very slowly that they might 
readily escape being counted as liquefying germs under these 
conditions of experiment. This matters the less since bacterio- 
logists are in tlie habit of classing some, at all events, of these 
bacteria as non-liquefiers." 

The following is a list of some of the sewage bacteria which 
have been found by various observers ; — 

BaCTBRIA OCCDKIUNC IN SEWAiiE 

Mate -L. Itquer/lng GelaUne [ NL, net ILqueFrln« : SL. Bllgliily liqirrfDiig. 
Otligiilniy A»airtibn. 
Sfitillum iKgula. L (very active, spore-bearing, gives rise lo faecal odour). 
Sf' nmyl'/erum (in absence of air acis as a vigorous fermeni) 
Batiltm mUnlidis tfoi'gtKii. (Klein). 
B. emytiMait. L [ClusmiiuiH buiyiicin"]. 
B bulyHeut (Botkin), L (Kives mucli gas). 
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B.fliurtiitiisfi'lrtdHi (similar, produces i: 
B fiuorisuHi liqaifaiiiiii. L, and miH-liqaifacmt. Nl.. 
Microcetiot una. NL; B. via. NL (convert urea inio smmoni 
lallerihemostenergalically). Flflgge has also described a 
B. miinttricm. I, (several varieties in London crude sewage), 
Profru! miiab'lii and Ztnhii', L 
B mgttlirium. L ; Uquifaciint. 1. ; masitu. sfiixsui. 
StrtpMocmt liqiu/atufl toll. L, and mirab'lii. NL. 
B. stfrogiiui. I . !L, in. ; pyafiHit and t^froernti /ilidas. 
B. acitti fa'alacltii. 

fl./«(.i«r««il«.NL (produces CO, and 11) 
B. c6li tommiuis. NL (produces roiich gns. muinly H), 
S. mblilit. L is aerobic, and rapidly consumes oxygen. 
CladotktU iiikotom*. L 

ProUia tuipkiinm. L (produce* H,S and mercaptan). 
B tHif'hMrfx'. L [liquefieB gelatine and casein, produces H.S) 

vulgaris 
The following were found b 
" cleaea. L ; utHjuilni. 



i Winogradsky. 
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Dr. Houston, describes some new species in London crude 
sewage ( L.C.C. Report, iSgg), which after comparison with all 
others of their class, appear distinct. 

B. mesentericus, two varieties, 1 and E. (Figs, ii and 12. 
Plate IV.) 

Variety I rapidly liquefies gelatine and blood serum, apparently 
peptonizes milk without subsequent coagulation, and has no 
reducing action on nitrates. 

Variety E is longer, liquefies gelatine very slowly, liquefies 
blood serum fairly rapidly at 37" C„ and produces a weak clot 
in milk which appears to subsequently redissolve ; it reduces 
nitrate to nitrite in 24 hours at 37° C. From 10 to 30 spores per 
c.c. exist in London sewage, 

"Sewage Proteus," differing from Proteus vulgaris, mirabilis 
and Zenker!, liquefies gelatine and serum, and peptonizes milk 
without coagulation. It was present in great numbers (usually 
over 100.000 per ex.) in both crude sewage and eftluents, and is 
suspected to be pathogenic, judging from some experiments on 
guinea-pigs, (Figs. 5, 6, and 7, Plates I. and II.) 

B. frortdosus. SL, a large bacillus, giving a leafy appearance at 
the edge of the colonies, 

B. fitsiformis. NL, with spindle-shaped spores and somewhat 
negative culture characters, seerns to be a new species. (Fig. 10, 
Plate III.) 

B. su&tilissimus, NL, resembles a large micrococcus, (Fig, 13, 
Plate IV.) 

B, subtilis, L, Several varieties occur in sewage. Two. A and 
B, are specially described in the Reporl. 

B. memiraneus patulus, SL, a very large species which forms 
long chains (Fig. 9. Plate III,) 

B. cafiillareus, L. similar, but growing differently. 

With reference to Streptococci. Dr, Houston in a subsequent 
report (July, 1900) describes 20 species or varieties found by him 
both in London sewages and in efRuents, and says that, as a class. 

(1) Ihey are the most pathogenic of all bacteria at present known. 

(2) they are delicate germs, and very readily lose their vitality. (3) 
they are present in the intestines of animals, (4) they are absent 
from water and soil except where there has been recent contam- 
ination with sewage or other objectionable matter. (See also 
Report of Medical Officer to Local Government Board, 1898-9). 
He considers the search for Streptococci 2 valuable test in the 
bacterioscopic examination of waters. 
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Organisms in Bacteria Beds, 
The organisms in anaerobic beds are chiefly bacilli, but cocci 
ir not absent ; tlie " Clostridium forms " are very numerous, 
meaning such bacilli as develop spores in the middle, so that, 
owing to the bulging there and tapering of the ends, figures of a 
distinctly spindle shajse are produced. This is characteristic of 
several species that are obligatory anaerobes, such as Clostridium 
frefidum, which liquefies gelatine and develops an odorous gas, 
and Clostridium butyricum or Bacillus omylobocler. The latter 
on account of its importance and its wide distribution requires a 
special description, Prazmovsky. who first studied its character. 
found it in almost all animal and vegetable matters decomposing 
in absence of air, while Nothnagel discovered it continually in 
fasces. The specific name " amylobacler " {miiylum. starch) was 
derived from its being coloured blue by iodine. It liquefies both 
albuminoids and carbohydrates like cellulose, producing butyric 
acid and gases, chiefly hydrogen, carbonic acid and methane. 

The Sutton beds were seeded at first with a culture of 
Micrococcus candicnrts. obtained by Dibdin from his coke breeze 
filters, but we now know that such seeding is unnecessary, as the 
mixed " flor.i " of sewage does not allow of the development of a 
pure culture of any specific organism.* When zonal filters are 
used a natural differentiation of the organisms occurs. For 
instance, in well aerated filtering trays the absence of nitrites 
shows that the organisms producing these compounds from 
ammonia are absent, unless the filtrate is so far free from 
ammonia that they might be present, but inactive, from want of 
food supply : or it may be that Ihe nitrile is transformed at once 
to nitrate by the Nttrobacter. 

Organisms in OxiDizrNc Filters. 
At this stage, if the working be efficient and the aeration 
thorough, the organisms which are exclusively anaerobic will 
disappear, while others will be reduced in numbers and replaced 
by new varieties including those which produce nitrites and 
nitrates 

ental inoculations of the ij-foot coli* bed al Crossneui with a pjrs 
culture of a - imagi froUm." liijuefying rapidly, gu-forminK bnt 
pathogenic, gave " quite negative retuits " iL.C.C Rtfori, tgoo, p. 76) 
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Their action, which is similar to that occurring in soils, was Erst 
' studied by Miintz and Schloesing in 187;, who proved that soil 
sterilized by heat, or by antiseptics such as chloroform, would not 
nitrify, that the organic matter must be first converted into 
ammonia and that certain conditions were necessary. Warington. 
Midler, Mane Davy, Heraeus. Munro, and others, elaborately 
investigated the subject, but failed to discover the specific organ- 
isms. These were first isolated and described by Winogradsky 
and P. Frankland in 1890, the former growing them in media 
almost absolutely free from organic matter, Ktihne afterwards 
found that they were easily cultivated on silica jelly (p. 53). and 
i others have since succeeded in acclimatizing them on agar plates 
I prepared by Beyertnck's melhod. 

Nitrosomonas (Winogradsky) oxidizes ammonia to nitrite, re- 

I quiring no organic matter for its nulrition, as it assimilates carbon 

from acid carbonates. It appears as circular corpuscles less than 

ti diam., and sometimes as oval cocci. t The organisms from 

different parts of the world appear to be the samC-S 

Nilrobacler (Winogradsky), was isolated by P. Frankland by 
dilution from amraoniacal broth, as a bacillo-coccus which refused 
to grow in gelatine ; but as it is unable to oxidize ammonia, the 
best medium for its growth is an inorganic solution, containing 
potassium nitrite and an acid carbonate. Omeliansky has 
recently confirmed the fact that both types of organisms are 
necessary to convert ammonia to nitrate, nitrite being an inter- 
mediate state (see p. 81). 

Nitrification in fitter beds wdl be considerably promoted by 
the organic matter present being greatly reduced in quantity, and 
the number of organisms producing ammonia should conse- 
quently diminish if this work has been done at an earlier stage. 
Thus at present in the working of the Crossness beds, the 
numbers reported per cc are: — 
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But the mere counting of the number of bacteria furnishes 
little information of the character of an effluent, as is shown by 

the following obser\'ations: — 

(i) Meade Bolton and others have proved that, some organ- 
isms commonly occurring in water, such as Micrococcus aquatilis 
and B. erytkrospOTUs, can multiply enormously even in sterilized 
distilled water free from almost every particle of organic matter. 

(2) The nitrifying organisms will live in the absence of all 
organic matter, and will not grow in the ordinary culture media, 
hence would be entirely omitied in ihe ordinary counting, 

(3) During the purification, carbonic acid is produced in con- 
siderable quantity. This gas is inimical to a large number of 
bacteria. 

Other Organisms which affect Purification. 

Besides bacteria in sewage, there are generally found many 
organisms of a higher grade. Water worms, such as Anguillula 
and Nais are stopped or killed in effirient prirification ; in fact, 
one of the causes that calls for an anaerobic stage is that these 
animals require oxygen, and perish rapidly under the air-free 
conditions. At the same time their preliminary agency in con- 
suming and breaking down the larger dibris is almost certainly 
of value. 

Infusoria and other minute animals assist in the work of puri- 
fication by acting as scavengers ; their presence in vigorous 
activity is a proof of good aeration. Amcel>ae and other protozoa 
on the other hand require scarcely any oxygen ; I have even 
found them in small numbers in the sediment of the Exeter septic 
tank, which is practically anaerobic. They also must act usefully 
in attacking nitrogenous matter. 

Algae and water plants assist in the purification of an effluent 
by the nascent oxygen which they disengage from their green 
parts, They can also absorb by their roots and white parts 
ammonia and putrescent nitrogenous matter ; they require, of 
course, clearing out at inter\'als to prevent the decayed portions 
from reversing the process. 

In the case of insiiffiriently purified effluents much trouble is 
sometimes caused by Ihe clogging of conduits and pipes , 
by growths of Beggiatoa, Cladothrix, Crenothrix and other 
filamentous organisms allied to fungi, and producing earthy, 

tphuretled and other odours, These organisms are undesirable 
and an indication of faults in Ihe management of the process 



Beggialoa (fig. 14), however, although it has been called the 

" sewage fungus," seems, according to Winogradsky (p. 60), to 

* have really oxidizing functions. It lives in water containing - 

sulphuretted hydrogen, such as sulphur springs, as well as in 

sewage. 

Crenolhrix (fig. 15), Pylobolus, and fresh water sponges are 
more common in continuous than in intermittent filtration. 

I have found in some cases that foreshore odours have been 
attributed to the entrance of effluents when they have been really 
caused by ordinary marine and fluviatile life. Thus in a harbour 
scum which I recently examined, the odour was very powerful, 
being described as strongly earthy, weedy, and somewhat fishy, 
and was undoubtedly due to the organisms. Among those 
specially mentioned as causing unpleasant odours which were 
identified were the diatoms Melosira. Tabellaria. Diatoma, 




Fig, 14. Ueggiaioa alba, showing 
, altached. free, curved, and spiral 
1 furnis. a. chain of spores -. b, free 
!8 (mniile) ; t. portion under a 
[ lligber power, showing transverse ajid 
[ longitudinal division ; if. filaments 
f breaking up {the small dark circles 
-e eranules of sulphur highly refrac- 
I lingl; t. free motile segmeni with 
I terminal flagella. 




Fig ig Crenothrix Kiihnianft 
(x6oo) rt, Atthrospores ; i. single 
segments; e. common sheath s 
rounding ihc separate spores. 
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Meridion ; with Volvox, Oscillaria, Ulothrix, Beggiatoa. and 
Spongilla. In addition, many of the green algae and some of the 
protozoa, such as Euglena, produce odours. Similar occur- 
rences were described by Sir E. Frankland in his report on the 
alleged pollution of Loch Long and Loch Goil in 1889, and he 
was of opinion they were not due to contamination by sewage. 
Cladothrix, the branching threads of which are so common in 
sewage, is also often found abundantly both in fresh and in 
brackish water, whether running or stagnant, and in its growth 
produces a strong mouldy smell. 

A green frondose sea-weed, U!va lactucn or lalisstma, " sea- 
lettuce," widely distributed on the coast, is often washed ashore 
and forms banks of a strongly &shy odour, which, in decaying, 
emit a putrid gas. As this evil is acute in Belfast Lough, Prof. 
Letts has subjected the plant to examination.* The mean results 
of analysis of the dried substance were, in per cents: C 35-15. H 
e,-2y, N 625. O 3^C)6, Ash 15-37 containing S 3-21 and Fe 2-20. 
No carbohydrate beyond cellulose was identified. In fermenta- 
tion the weed at first evolves about equni volumes of CO^ and H, 
while fatty acids are produced, chiefly propionic, with butyric 
and probably acetic. Later, .sulphides are formed probably by 
the reduction of the sulphates in the sea water, and the sea-weed 
blackens from the formation of ferrous sulphide, which dis- 
en_:;ages sulphuretted hydrogen by the action of the fatty acids 
Two species of bacteria seem specially concerned. 

Prof. Letts considers the occurrence of this alga in quantity to 
be associated with sewage pollution, ist on account of its nitrogen 
being in excess of that recorded in any other sea-weed : 3nd, 
because by cultivation experiments it was found that its power of 
absorbing nitrogen was remarkably high (thus in one experimeni 
it absorbed in ij hours the wholt of the free ammonia from a 
polluted sea-water containing 005 part per icxa.ooo: nitrates were 
also rapidly absorbed but not albuminoid matters: the plant 
remained healthy) ; 3rd. it grows most abundantly where sewage 
is discharged. He remarks that "while thus acting as scavenger 
it may itself give rise to a very extensive nuisance." It roust, 
however, be recollected that biological effluents rich in nitrates 
and non-putrefactive will also supply the nitrogen for the growth 
of this and other plants. 

• Rcpon of Brilish Aasociniiou, [900. p 9jj. 




Survival of Pathogenic Org;\nisms- 



This important point was raised at the Exeter Local Govern- 
ment Board Inquiry, referring to the pathogenicity of the 
product after anaerobic treatment, since it has been suggested 
that, whilst cultivating the bacteria necessary for the destruction 
of the organic matter in sewage, the pathogenic organisms 
present in the crude sewage will not only survive but may 
possibly multiply, and so cause the effluent to be dangerous to 
health. It is important, however, to remember that the bacterial 
processes are not novel, but are identical with those which obtain 
in nature, so that effluents from sewage farms are strictly com- 
parable with filtrates obtained after either a "coarse bed" or a 
tank treatment. 

It must be recollected that, hitherto, little attention has been 
paid to the study of land effluents from this point of view, and 
until sewage-farm drainage waters have been investigated in a 
similar marmer to those derived from continuous well-aeratcd 
filters, no definite conclusion on this point can be formed. 

Mr. Groves, in evidence before the London Waler Commis- 
sion, 1899, hoped that the Local Government Board would not 
depart from their past position with regard to land treatment, as 
from the typhoid statistics for London, he argued that " the 
present method of dealing with sewage was satisfactory." 
Although with any new scheme it is difficult to obtain direct 
evidence as to its ultimate effect upon a river water which is sub- 
sequently to be used as a drinking supply, one must recollect that 
under existing circumstances the removal of all kinds of bacteria 
from the river water is attempted by those who desire to use such 
water for drinking purposes, so that, even assuming that bacterial 
systems tend to increase (he bacteria in the river, they do not make 
any new departure necessitating a reconsideration of our methods 
of water purification. Even if an anaerobic treatment alone re- 
sulted in an effluent which possessed toxic properties disastrous 
to a small river, it must be recollected that no process is at present 
suggested which does not involve a full and efficient aerating 
filtration as a final method of purification, and it is the patho- 
genicity of such filtrates upon which information is wanted. 
Satisfactory evidence on most of the systems is now available, 
from which. I think, we are justified in concluding that, even if 
towns on a river like the Thames adopted bacterial schemes, the 
pathogenicity of the London water supply would not be adversely 
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affected. That the health of fish is not injured appears from the 
fact that with intermittent fine-bed filters following coarse-bed 
or chemical treatment, as at Leeds and London, they have lived 
in the filtrate. 

At Exeter, Dr. Cartwright Wood examined the tank effluent, 
the filtrate, and the river water before and after admixture. 
Broth inoculated with these fluids and incubated for forty-eight 
hours had no effect ujwn rabbits or guinea-pigs when 3 c.c. was 
injected subcutaneously. Incubated for eleven days, the tank 
effluent, and the water at Belle Isle, contaminated with the 
untreated town sewage, were found to be morbific, but the filtrate 
and the water at Salmon Pool Weir, some little distance below the 
town, contained so little morbific material of any kind that even 
with this severe test both kinds of animals remained alive and 
perfectly well. Dr. Woodhead in his report concludes " that 
none of the organisms found in the tank effluent are themselves 
capable, in the quantities present or in which they can grow even 
in broth, of setting up any morbid changes." 

With regard to typhoid fever, Lawes and Andrews some years 
ago showed that some liquefying organisms have a germicidal 
effect upon typhoid bacilli, so that their sojourn in a septic tank, 
or their arrest in an anaerobic upward filter, with such organisms 
diminishes instead of increases their chances of survival. Dr. 
Pickard, of Exeter, has proved this fact again experimentally by 
introducing an emulsion of the typhoid bacilli into a septic tank. 
when !ie found that instead of increasing they rapidly diminished, 
until after fourteen days less than i per cent, of the number 
introduced were surviving. The same investigation also proved 
that filtration was even more efficient in removing typhoid bacilli, 
as he found that filtration, as conducted at E.xeler, removed 
about go per cent of typhoid bacilli from sewage inoculated with 
this organism, and that subsequent filtration of tank effluent 
containing no typhoid through the same filter yielded filtrates 
containing only about i per cent, of the bacilli introduced in the 
first filtration, showing that the environment was unsuitable for 
their development if their absence from the first filtrate was due 
only to a straining action. 

Dr, Houston with the Ducat filter has shown that with sewage 
containing 1,200,000 B. colt per c.c. a filtrate is obtained which 
contained no colonies resembling the organism in this quantity ; 
and that sewage containing between 1.000 to 10,000 spores of B. 
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ettUritidis sporogettti per ac contained after filtration less than 
10 per cc. whilst the aerobic bacteria causing liquefaction of 
gelatine were likewise reduced from 22 to less than I per unit. 

In my own work i have proved that the spores of B. enlerilidts 
sporogenes survive, as might be expected, the septic tank 
treatment, but Houston has shown, as slated above, that 99 per 
cent, can be removed if the tank be followed by a uiell-aerated 
filter. Before this evidence of the comparatively innocuous 
character of the filtrates from bacterial systems was available, I 
pointed out that subsequent chemical treatment could be used 
for sterilizing the filtrate if necessary. Such reagents as may be 
conveniently employed may be called " finishers," as when 
employed the resulting purified sewage is satisfactory both from 
the diemical and bacterial points of view. Chlorine is one of 
such reagents, and the late Dr, Kanthack established the fact 
that with one grain of free chlorine to four gallons of the tank 
effluent or to five of filtrate, with a contact of about five minutes. 
the number of bacteria can be reduced from any number (even 
millions) that may be present to ro to 50 per cubic centimetre, 
and that no pathogenic organisms were found in any of the 
numerous samples of Maidenhead sewage finished in this way. 
I found at the same inquiry that on adding 1-77 parts of avail- 
able chlorine per 100,000, although about half the amount 
immediately combines with any organic matter present, if the 
aerating filter has not worked efficiently, the micro-organisms by 
contact with the remainder are gradually killed, so that plate 
cultivations of such sewage taken after fourteen minutes showed 
no growth with 3J days' incubation. 

In the recent report of the London County Council, October, 
1899. Dr. Houston has specially studied the possibility of the 
survival of pathogenic organisms after passage through bacterial 
filter beds, and from his investigation of ihe intermittent filters 
under experiment, he summarizes his opinion as follows: 

" It is to be iicited in ihe first place that the biological treatment 
of sewage is conducied under eonlrol; secondly, that the process 
always gradually secures the destruction of the pabulum on which 
bacteria feed, and hence leads to their death; thirdly, that the 
balance of evidence points to the probability that some, at all 
events, of the pathogenic organistns are crowded out in the struggle 
for existence in a nutritive medium containing a mixed bacterial 
flora, their vitality being weakened or destroyed by the enzymes of 
the .saprophytic species ; fourthly, that while' it is true that bacteria 
produce poisonous subsunces in tbdr growth, it also is true that 
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their chemical poisons are toxic in proportion to the dose, and, 
moreover, are highly unstable and readily break down into thdr 
elementary and innocuous constituents; and, lastly, that in some 

cases it may not be necessary to attempt to complete purification 
of the sewage, the solution of the suspended matters and partial 
destruction of the putrescible matter in solution being all that is 
urgently called for, as, for example, where the effluent is of relatively 
small bulk and is turned into a stream the water of which is not 
used for domestic purposes (as is the case in the lower Thames) or 
else when the effluent is to be subsequently treated by land 
irrigation." 



^^* He wishe9 it to be distinctly understood that he docs not 
\ imply that such organisms as the typhoid bacillus or the cholera 

vibrio would necessanly lose their vitality, or even suffer a diminu- 
tion in virulence under the conditions prevailing in a biological 
filter. In the absence of actual experiments with the particular 
sewage in question, he is not prepared to say more than that he 
believes that if these germs did gain access to the sewage they 
would suffer diminution in numbers primarily in the sewers, and 
secondarily in the coke-beds. 

Dr. Houston, early in 1898, isolated from Thames mud four 
organisms, named by him B. typhosus iiiuulans a, b, c. d, which 
differed from the true typhoid organism in failing to sediment 
with typhoid serum and in possessing a less number of flagella. 
They might, therefore, possibly be degenerate varieties of active 
typhosus caused by prolonged existence in sewage- polluted water. 
Dr. Horrocks has recently" studied the behaviour of the B. 
typhosus m sewage, and concludes that the bacillus will usually be 
found alive after Go days immersion in strong and diluted sewage 
containing its usual toxines and salts, but freed from other living 
organisms. The power of sedimentation will be unchanged, but 
the colonies may present a dark granular crumpled appearance 
and the bacillus will show diminished resistance to carbolic acid. 
In unslerilized sewage, he failed lo oblain any evidence of their 
survival after I4 days, and inferred that the life of the bacillus is 
much shorter in unsterilized than in sterile sewage. 

Among the organisms which can be easily identified as directly 
derived from sewage, and which are either themselves pathogenic, 
or are associated with organisms causing disease, ihe B. enteritidis 
spoTOgenes of Klein, (Fig. 8, Plate II.), and B. coli commitnis ai« 
the most important. 

At Crossness no distinct difference could be made out. as 
• J , San. Inst , 1899. 




regards the species of microbes, between the cultivations made I 
from the crude sewage and those made from the effluents. 

In the crude sewage and the effluents from the 4ft. bed, the j 
spores of B. ententtdis varied from 10 to 1,000 per cc. In the ] 
rfftueots from the 6ft coke-bed and from the laboratory vessel, 
they varied from lO to 100 per cc. but there may have been 
more spores present, as the minimum amount of liquid added to 
the milk-tubes was 0-or cc. Houston continues :■ — 

" Judging the resuhs as a whole, it cannot be said that the bio- 
logical processes at work in the coke-beds produced any significant 
alteration in the number of spores of this pathogenic anaerobe. This 
is the less to be r^retted ."iince the effluents are discharged into a 
large tidal river below locks, the water of which is not used for 
drinking purposes. Still it is to be thought of that the cultures of 
B. enUritidis iforogenes are extremely vinilent, and ibat Dr. Klein's 
results seem to prove that this anaerobe may be causally related to 
acute diarrhcea. At a)! events, it is highly important from a 
practical as well as from a scientific point of view to continue these 
observations on the number of spores of B. enierittdis in crude 
sewage and in the effluents from the coke-beds." (This was done 
in 1899", and it was noted that although the number of these spores 
was frequently less in efBuents than in the sewage, it was still 
between 100 and rooo per cc.) 
On the other hand, in a preliminary Report to the Royal 
Commission. Prof. Boyce, from experiments with this organism, 
concludes as follows : — 

" Filtration has a marked effect in keeping back this bacillus, 
especially when combined with precipitation. It was not found in 
the filler effluent from the septic tank at Manchester, not in the 
pure filter effluent at Chorle>' or Oldham. It was, however, obtained 
in the former by filtering a quantity through a porcelain filter and 
subsequently scraping the surface. The addition of lime and 
copperas does not appear to have much effect on this bacillus." 

" The method for detecting the presence of the spores of the 
bacillus is as follows — dilute 1 part of crude sewage or of effluent, 
as the case may be, with 99 parts of sterile water; of this dilution 
add i-o, 01, and o.oi cc. severally lo three sterile milk tubes. 
Heat the tubes to So^C. for ten minutes, and cultivate anaerobically 
by Buchner's method at a temperature of 3y°C. In certain cases 
it is necessary to add as much as 01 cc. of the crude sewage or 
effluent directly to the milk lube. When B. e>iterilidis is present 
the casein is precipitated, the whey remains nearly colourless, and 
there is a marked development of gas. These changes in the milk 
commonly take place in less than 24 hours. A guinea-pig inocu- 
lated subcutaneously with 1 cc. of the whey, usually dies in less 
than 24 hours, and presents on post-mortem examination appearances 
which are typical of enteritidis (extensive gangrene, 
exudation full of ttacilli, etc)" 

• L CC. Riport. July, 1900. 
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Bacillus coli communis, which is present in London crude 
sewage in numbers exceeding 100,000 per CC, is one of the most 
abundant and characteristic of sewage bacteria, and survives the 
processes at work in these biological filters at Crossness. Even 
in so minute a quantity as i^uW c.c. of this crude sewage, 
B. coli and closely allied forms were present, so that its identifi- 
cation leads to a process of great delicacy for the detection of 
pollution of water with minimum quantities of sewage. 

Houston remarks that B. coli is abundant everywhere, that 
it multiplies outside the animal body, that it is present in the 
intestinal contents not only of human beings but of the higher 
mammals and birds, and that, therefore, its value as an indication 
of pollution of water of possibly dangerous sort is nil. The fact 
remains that in crude sewage B. coli is present in numbers 
exceeding 100,000 per c.c, and is absent, or present in but few 
numbers in a corresponding amount of a water free from suspicion 
of recent pollution. Moreover, if this organism multiplies outside 
the animal body under favourable conditions, it also loses its 
vitality under unfavourable conditions, and we have yet to learn 
that the excrement of healthy, much less of diseased, mammals 
and birds is altogether harmless to man. 

This bacillus is classed as pathogenic, but can hardly be 
considered so in the ordinary sense of the term. Its presence 
serves rather as an index of the possible presence of other and 
more objectionable kinds of bacteria. 

In searching for B coli the following plan was adopted — lo c.c 
of sterile gelatine, were melted in a test tube, o-i cc of five per 
cent, phenol added, and the mixture poured into a Petri's dish 
and solidified by cooling. 01 cc. of diluted sewage, or else of 
effluent (1 : 10,000), was next added and spread over the entire 
surface of the gelatine with a platinum spreader. Colonies 
which were typical of B. coU in their microscopical appearance 
and in the manner of tlieir growth were then subcultured in broth 
(for diffuse cloudiness and indol reaction), in litmus milk (for 
acidity and clotting), and in gelatine shake culture (for gas 
formation). In some of the experiments the gas test only was 
applied. B. coli produces no liquefaction of gelatine or blood 
serum, but clots milk in 24 hours at 370C. No spores have been 
detected. 

According to Gabriel Roux. B. coli cultivated on artichoke 
gives rise to an intense green coloration ; when cultivated in a 
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medium containing quinol (hydroquinone) a brown coloration is , 
developed.* 

In concluding, Dr. Houston adds : — 

" Judging the wiperinienl.s a.'i a whole, it cannot be said that the 
biological processes at work in the coke-beds effecied any maiked 
alteration in the number of li. coii. It must not, however, be too 
li^tly considered that this implies ihat the effiueni was necessarily 
of an offensive and putrescible characler. B. coU and other pulre- 
factive bacteria no doubt work in the directicm of purifying the 
sewage, and their presence in the effluent might only mean that the 
purification had not been carried sufficiently far to allow of 
decrease in their numbers, owing lo the incomple;e reduction of 
the organic matters on which they feed and which allow of their 
continued multiplicalloii. Yet, when this has been said, it must 
also be admitted that the passage of an aerobic nnn-spore-fi 
bacillus typical of excreraental matters through the coke-beds, in 
practically unaltered numbers, is not a desirable state of things. 
It is true that B. coli is not pathogenic in the ordinary meaning of 
the word, but its presence in the effluents implies the ]>ossible 
presence of other bacteria^ — it might be of a dangerous sort. Still, 
on the whole it may be said that the balance of evidence points to 
pathogenic aerobic bacteria being liable to be crowded out 
struggle for existence in a nutrient fluid containing a mixed bacterial 
flora and one rich in saprophytic microorganisms. Lastly, 
be remembered that the diluent is discharged into a large tidal 
river at a point far below the lowest ' intake ' of water for water- 
works purposes, Moreover, ihe Thames before it reaches the 
Outfalls of the Sewage Works is already grossly polluted with 
excrement a I matters." 

In the last reporlt Dr. Houston confirms most of the conclu- 
sions already arrived at. but points out that the effluents from the 
experimental beds at Barking and Crossness cannot be reasonably 
assumed lo be more safe in their possible relation to disease than 
diluted raw sewage. His conclusions must, however, be regarded 
as only applicable to beds worked in tiie way described. The 
chemical results taken generally show that nitrification was never 
pushed to a satisfactory point and the main object of the whole 
etiquiry in London has been to produce an effluent suitable to 
discharge into tidal waters. 

I have also myself specially examined the effluents from the 
Scott Moncrieff filters al Caterham with a view to ascertaining 
whether the sewage organisms survived the oxidizing influence 
to which they were subjected in their passage through the nitri- 



i4 



Ctmfl. tirnd 1899, 
t L.C.C. Kipart, July, 1900. 



693. 



74 



SEWAGE AND ITS PURIFICATION. 



fying trays, and I found that the number of organisms capable 
of growing on carbolised gelatine surface plates, amongst which 
the B. colt communis is found, were reduced from 2,180,000 per 
c.c. to 100,000 in the filtrate from filter C, to 50,000 in that 
from D, and 80,000 in the filtrate from F, so that whilst the least 
efficient of the filters removed 95 per cent of these organisms, 
the filter D removed 98- 5 per cent (see p. 207). 

I further found that although the addition of 0001 c.c. of the 
tank effluent to a broth tube and incubation at blood heat for 
four days produced indol, the same dilution of the filtrate from 
D gave no turbidity or indol, whilst the filtrates from C and F 
although producing turbidity, also failed to give any indol 
reaction. 

The survival of spores of B. enteritidis is no less interesting, 
and may be best seen from the following table, where -f indicates 
the presence of such spores, and — their absence. 





Tank Effluent. 


Filtrates. 












C. 


D. 


F. 


01 c.c. ... 


• • • 


• • • 


• • • 
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• • • 


• • • 


« • • 
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— 


— 


002 c.c. 


• • • 


. • • 


• • • 


+ 


+ 
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+ 


0001 c.c. 
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• ■ • 


• • • 
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— 



The nitric nitrogen and the ammoniacal nitrogen present in the 
filtrates when the bacterial samples were collected, are shown in 
the following table : — 



Nitric Nitrogen 
Ammoniacal Nitrogen 




Filtrates. 



C. 

548 

456 



D. 
116 
205 



F. 

10-96 

328 



It may therefore be concluded that the greater the aeration 
and nitrification, the less is the possibility of the survival of 
pathogenic organisms. 
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PCbbmical Changes PBODncai) hv Bacteria— Hydrolyais and 
and Order of the React ians^Symbiosis and AntogDnisiit- 
of TransFormatioas — Ulitization of Gaws i'roduced — Si 
NilTosificatioi), Nilii&calioii, and Denilrili cation. 




Thirty years ago methods of upward filtration were suggested 
in the place of chemical precipitation, and the results were so 
satisfactory thai it is difficult to understand how authorities 
almost universally ado|)ted the chemical treatment. There can 
be no doubt that in slow upward filtration of sewage the anested 
suspended matter slowly disappears just in the same way as when 
the solid matter of sewage, after being removed by straining or 
by chemical precipitation, subsequently disappears when dug 
into the ground or buried beneath the surface. 

Similar changes take place in mud banks in estuaries, below 
the surface of the water, and the conversion of organic matter of 
vegetable or animal origin at tlie bottom of a stagnant pool into 
harmless gases is of the same nature. Such transformations are 
of such a subtle character llial for the most pari they escaped 
attention, and yet, without doubt, they are as important as those 
more prominent ones which take place in the presence of light 
and air. 

It would seem that in nearly all cases of destruction of organic 
matter this preliminary disintegration takes place before the final 
oxidation of the elements. Rut solid organic matter capable of 
imdergoing change, even in the presence of air can only oxidize 
directly on its surface, whereas in a rotten apple or cheese. 

' changes take place beneath the surface, which pave ihe way for 
the final oxidation. 

Similarly organic matter in solution seldom oxidizes directly 
to its final oxidation products, but passes through intermediate 
COnBitions until the more complex organic forms are resolved into 
others of more simple structure, and these are subsequently 
burnt up to the stable oxidized compounds — water and carbonic 

I acid. 
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It is difficult to give a single name to these plieoomena ; the 

older terms " decay," " putrefaction," and " eremacausis " did not 
sufficiently differentiate between them and the combustion wliich 
follows so closely. The term " bacteriolysis " has been suggested, 
and it seems a useful one to retain When the action is effected 
by chemical agents, the term " hydrolysis " has already been 
used by chemists for such breaking down of organic matter. 
Other cases, in which the decomposition takes place without any 
absorption of water, may be grouped under the general term " fer- 
mentation." In some of these oxidation is simulated, since the 
organic matter is partly converted into oxidized compounds. 
The oxygen, however, in such products is not derived from the 
air, hut is that which was originally present in the organic matter 
or water taking part in the reaction. 

Thus to lake a specific example : albumen contains the elements 
carbon, hydrogen, nitrogen, and oxygen in the ratio represented 
by the empirical formula C^Hj^NjOg. An anaerobic change, 
due to hydrolysis, could be expressed thus : - — 

4C^H,3N^O,, + i4H^O = 4N^ + ig CH, + 13 CO, + 2II, 

Such an ideal change would result in the production of all the 
gases which are commonly met with in these decompositions 
and leave no soluble organic matter for oxidation. Non-nitro- 
genous substances like cellulose and woody fibre can similarly 
break down into starch, sugar, etc., and in presence of yeast into 
carbonic acid and alcohol. In roost natural anaerobic changes 
of this character it is found, however, that there are residual com- 
pounds containing nitrogen, of a humus-like character, which 
have been little examined. These compounds are very stable, 
and resist chemical action. In peaty soils they exist in appreci- 
able quantity. Adeney has noticed their formation in his 
experimenis, and in the Exeter septic tank the dark suspended 
matter is of allied nature. That it does slowly disintegrate is 
shown from the experimenis at Harpenden, where crops have 
grown on unmanured land for long periods, under such condi- 
tions that it is difficult to ascribe any other source for their 
nitrogen, 

I was one of the first to point out that when these changes 
are brought about by organisms which are facultative anaerobes, 
the breaking down of gelatine to aibumoses, ammonia, peptones, 
etc., IS not accompanied by any absorption of oj^gen. or the 
formation of any oxidized products, and it is, moreover, obvious 
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that in Uie natural process of digestion, solid foods, both nitro- 
genous and non-nitrogenous, are digested in the stomach and 
intestines before the products are absorbed by the blood and ; 
rendered useful by oxidation. 

The amount of oxygen required to render inoffensive a un 
weight of the substances occurring in sewage, of course depends 
on the species of the bacteria whicli are acting, as they determine 
whether the result should be a complete burning to CO^, H^O, 
and N. or a partial decomposition to equally harmless compounds 
like NHg and CH^. Thus Streptococcus tottgus liquefies fibrin to 
ammonia, methylamine, and trimethylamine, and leaves in solu- 
tion tyrosine, leucine, fatty acids, succinic acid, colUdine, and 
peptones.* 

Elastin, with anaerobic organisms, evolves carbonic acid, hydro- 
gen, methane, and nitrogen, whilst the sulphur remains in solution 
as mercaptan, and is not evolved as sulphuretted hydrogen.t 

Grass similarly evolves carbonic acid and nitrogen, under the 
action of B. siibliUs and other organisms. B. mycoides also acts 
upon the carbohydrates in grass, ferments glucose to inactive 
lactic acid, and hydrolyses cane-sugar, maltose, and glycogen.} 
Pakes and Jollyman§ describe an apparatus for examining the 
gas generated by bacteria and have specially investigated B. 
pyocyaneiis and B. coli communis, which produce CO^ and H, 
or N if nitrate be present. 

The gases found in the septic tank at Exeter are as follows :- 



Wood and Wilcox have shown that there are similar gases 
produced by Bacterium furfuris in the manufacture of leather. 
This bacterium does not attack cellulose, but only starch and 
nitrogenous matter. They found a sample of the gas evolved to 
contain : — 

* Ummerlich. Ber , 1S97, xxx,. 1863. 

t Znja Zeil Pbyaiol. Chem , (897, »»in . 136 

\ Emmerlich. Iter., iSiyj, \%x., 1896 

% J. Cbem. Soc , 1901. pp. 32a. 439 
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CO, and traces of H,S 



Nilro 
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while formic, acetic, butyric, and lactic acids were produced ; 
these in sewage would combine with ammonia. 

Much of the carbonic acid dissolves in the water, as does also 
the ammonia formed, whilst the hydrogen, from its easy 
diffusibility. escapes from the tank more rapidly than the heavier 
gases. No sulphuretted hydrogen has been found in the septic 
tank, the changes, therefore, are similar lo those which take place 
in the anaerobic fermentation of elastin. 

The following table shows the weight of oxygen required lo 
oxidize some typical organic compounds completely to their final 
Lstable products : — 





Kiiiplrtc*! 
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OiynxTHiiUrMlbronc 
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CO„H,0. 
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Starch, cellii- 
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jc.Hj.o. 


4^ 


61 
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r.8. 


ks""-' „ 


|c,H,N,0, 
CH,N,0 


j6i 
10 


876 
67 


3043 
467 


34 7'' 
166 


'■043 
0803 


033 



The second important change necessary for the complete 
destruction of the organic matter, involves the essential that free 
or available oxygen, either from the air or oxidized compounds, 
shall be present. It has been customary in recent years in dis- 
cussing the action which takes place in filter beds and in rivers, 
as well as beneath the surface of sewage farms, to call the 
phenomena " nitrification." but it is necessary to point out that 
oxidation of the organic carbon also takes place at this stage. 
The more general term " oxidation " is therefore more useful, and 
indicates more clearly what takes place in the final purification 
of a sewage effluent 

The experiments carried out by the Massachusetts Board of 

PfiHealth, and by the London County Council at Barking, have 

been directed almost entirely to the second and final stages in the 
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of sewage. In the experiments with the acre filter 
will be recollected that only sewage which had been 
chemically treated or in which the solids and suspended 
matters had been removed, was used. It is also important 
in discussing this question to recollect that the anaerobic or 
hydrolytic change takes place very rapidly under favourable 
conditions, and that it is not unusual to find, especially in towns 
in which the sewers are old and tortuous, a crude sewage in which 
these preliminary disintegrating changes have taken. place to a 
very considerable extent. 

Anaerobic fermentation is called by the Germans true putrefac- 
tion (Faulniss), while aerobic is termed mouldering (Vcrwesung). 
It seems sufficient to recognize the first as a hydrolylic. and the 
second as an oxidation change. 

It is easy to see, by calculation from the discharges (p. 44) that 
an average sewage from a water-closet town, with a water supply 
of, say, 25 gallons per head, should, when fresh, contain 
about 10 parts of organic nitrogen per 100,000, but one finds in 
the majority of cases the sewage of a town contains only from 
I to 2 parts of organic nitrogen, and in many cases less than this 
amount. This difference must be due to the very rapid breaking 
up of the organic matter present by the anaerobic changes de- 
scribed, and is accompanied by a corresponding increase in the 
ammonia from mere traces up to 8 parts per 100,000, less the 
loss which may be due to the evolution of free nitrogen gas and 
possibly oxides of nitrogen. 

When fajcal and other solid matters are first discharged, the 
earliest changes must be aerobic, because of the free oxygen 
dissolved in the water and contained in the air. The effect is 
mainly the same as the lasl stage, i.e.. the organisms acting in a 
normal manner upon those simpler constituents like ammonia, 
which must obviously already exist in small quantities, and into 
which the process itself afterwards resolves the main ingredients 
of the sewage. Nitrates in small quantities are consequently 
often observed in discharges which are moderately fresh. 

As soon as the free oxygen has been exhausted, these oxida- 
tion changes come to an end, and the bacteria which require air 
in part disappear, and in part remain quiescent to resume their 
functions at a later stage. On the other hand, the anaerobic 
organisms will commence to multiply, the nitrate will be reduced 
to nitrite, and this to nitrogen, according to reactions we shall 
explain later, and the liquefaction and hydrolysis changes will 
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proceed. This is the condition when the sewage arrives at the 
works, and the first, or anaerobic stage of the treatment proper, 
commences. 

In the second stage aeration is to be encouraged as much as 
possible, so that the aerobic bacteria may act and ammonia and 
carbonic acid be produced with the help of some of the anaerobic 
forms. 

In the third stage, with provision of a still larger quantity of 
oxygen, the nitrifying group will get rid of the remaining 
products. 

We may summarise the order of the changes as follows : — 




Transient aerobic changes 
by the oxygen of ihe 
water - supply rapidly 
passing to : — 

First Stage, 
Anaerobic liquefaction 
and preparation by hy- 

Sbcond Stage. 

Semi-anaerobic breaking 

down of the inlerme- 

diale dissolved bodies 



Thiru Stags. 



Amidq-compounds. Fal- 



Soliiblenilrogenouscom- ' 
pounds. Phenol deri- 
vatives. Gases. Am- 



In ordinary bacteria beds these reactions are often reversed 
and confused, according to the periods of filling or rest, which 
allow the different bacteria to act in the same filter. 

As we have mentioned in the last chapter it is practically 
impossible to confine the bacterial action to one species, by 
seeding or otherwise, in view of the immensely varied character 
of the organisms that are present, nor would such a proceeding 
be advantageous. As we saw when discussing the disappearance 
of pathogenic bacteria by passing through cultivation beds, the 
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crowding out of these special forms by the more numerous 
harmless varieties which thrive at ordinary temperatures, is an 
important part of natural purification. 

At the same lime it is necessary to be aware of the mutual 
relations of the predominant species in order to know whether 
we have healthy conditions. Organisms growing together either 
antagonise each other's development, or more rarely encourage it, 
or even are necessary to one another. Nencki calls the former 
case " enantibiosis." the latter "symbiosis," For the former 
conditions we may use fhe simpler word anlagonhm. Frcuden- 
reich and Sirotinin investigated the mutual influence of bacteria. 
They found, like other observers, that in mixed cultures certain 
species would develop rapidly, to be supplanted later by those of 
slower growth, so that the more vigorous organisms were not 
always the most useful. Some species actually prevented the 
growth of others by (i) exhausting their food, or (2} by excreting 
products which were injurious; the latter is true antagonism. 
Thus Freudenreich found that B. pyogenes felidus (p. 60) pre- 
vented the growth of the cholera spirillum, that Micrococcus 
Toseus similarly inhibited M. tetragenus, whilst B. fyocyaneus, 
fhosphotescens, and prodigiosus caused a change in broth which 
prevented the growth of other species. 

Garr^ demonstrated this antagonism by making streak cultures 
of various bacteria on gelatine plates, in parallel or intersecting 
lines,* Lewek inoculated gelatine or agar with equal numbers 
of different varieties, adjusted by counting and appropriate 
dilution. + 

K. B, Lehmann dravra the practical inference that in counting 
bacteria very dense plates should be avoided. 

Symbiosis is the condition when two or more kinds of bacteria 
act together and effect decompositions which neither of them 
could do separately. Each may live independently, but they 
thrive better and more continuously in company than alone. 
Organisms of this kind are said to be synergetic. Lehmann 
states that some organisms ordinarily anaerobic can thrive on the 
admission of air if certain aerobes be also present, which is one 
reason accounting for the presence of anaerobes in oxidizing 
beds or filters. 

The cause of symbiosis is generally found in each of the 1 

• Cor,np. fur Schitii,, A,: 
t CtMlt. f Bakt . vii 
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I organisms taking one part in a sequence of chemical 

^^^ Thus, Omelianski, by pure cultivations, explained some 
^^L that Adeney and others liad previously noUced. Three organisms, 
^^H S. Taceniosiis. nilrosoiiwnas. and nitTobacter. when added to 
^r bouillon converted the organic nitrogen of ihe latter into nitric 
acid, ammonia and nitrous acid being intermediate stages. The 
first of these organisms produces the ammonia from the organic 
nitrogen, the second converts it inttj nitrite, and the third the 
nitrite inlo nitrate. The first chant;e requires no oxygen, the 
second change requires some oxygen, and the final change 
a still greater quantity. With a culture of the first two, nitrite 
and no nitrate was produced. With a mixture of B. ractmosiis 
and nitrobacter, ammonia was the only product, as the absence 
^^^ of the nitrite- forming organism prevented the conversion of the 
^^^L ammonia into food for the nitrifying organism. A mixture of 
^^^M the two last species failed to determine the decomposition of the 
^^S original culture medium even after ten months. 
r Otto Kiinnemann" also found thai Burri and Stntzer's B. dent- 

I irificans /. is effective only in symbiosis with B. colt-, the latter 

^^H supplies it with its necessary ammoniacal food. Also, as Hugo 
^^H Weissenbergt finds, B. toli reduces nitrate to nitrite, which in 
^^^^ turn is denitrified by the organism I. 



actions. ^^^H 
: results ^^^| 
nanisms. " 



Enzymes. 



A great number of changes, most of them hydrolytic. are 
accomplished by the large class of organic substances termed 
" enzymes." which, though not living, are products of animal and 
vegetable life. These enzymes have been defined by Lehmann 
and Neumann as " chemical bodies, whicli in minimum amounts 
and without being used up are able to separate large amounts of 
complicated organic molecules into simpler, smaller, more soluble 
and diffusible molecules." The definition is not quite accurate, 
as the milk ferment, for instance, actually coagulates casein, or 
renders it insoluble, but it gives an idea of the immense power 
that these enzymes possess, and the economy of their use as 
distinguished from ordinary chemical or mechanical means 
Their importance to us is shown by the fact that a large number 
of them are the products of bacteria or other fungi, and are 
powerful agents in their resolving action. By their means a 

■ LfHitP. tVriacti Slat . i8g8, 65, 
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bacillus is not only able to act in its immediate neighbourhood, 
but also at a considerable distance, through the soluble ferments 
it forms and disengages. 

The enzymes are soluble nitrogenous bodies, which can be pre- 
cipitated and rendered inert by strong alcohol, mercuric chloride, 
and by boiling. They can be separated from bacteria by filtra- 
tion, when the soluble enzymes pass through, while the bacteria 
are retained. Other distinctions from the organisms which pro- 
duce them are; — 

1, Enzymes can work at a greater range of temperature,^ — that 
is, are less susceptible to heat and cold than the living bacteria. 
Therefore, it is possible to find temperatures which will inhibit, if 
not kill, bacteria, without affecting enzymes. 

2. Antiseptics, like chloroform, thymol, etc., which kill or 
inhibit bacteria, do not prevent enzymes from acting. Thus 
Salkowski* inoculaled fibrin with putrefactive bacteria and kept 
it in chloroform water. It remained sterile for an unlimited 
lime, but nevertheless underwent solution with the usual products, 
due to nn enzjine secreted by the bacteria at first. 

Dr. .'\rmstrongt proposes the terms — Zymosis for fermenta- 
tion by living organisms ; and Ensymosis for change by enzymes 
or unorganized ferments. 

The former class of changes would be intrticellular or within 
the cell, under the immediate action of the protoplasm* ; the 
latter class would be external or exlraedlulaT : by such means 
bacteria are able to produce effects which are quite out of pro- 
portion to their size or numbers, Emymes are formed not 
only by bacteria, but by moulds, larger fungi, and also by plants 
and animals, but have not as yet been prepared artificially. 
Their mode of action is still imperfectly understood : probably 
they act like some inorganic bodies by forming unstable com- 
pounds with portions of the organic molecule, which then break 
up, leaving the substance hydrolysed, and freeing the enzyme to 
act agaia 

As the en/ymes are of such value, it will be useful to give a 1 
list of the more important ; many of ihem, or their ana1o<:ues, j 
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^^^BQust occur in sewage, since the changes they produce a 

^^■^We may divide them into groups. 

f I. Ensymes which break up al&uminous bodies. The ordinary 

I digestive ferments, pepsin, panereatin, etc, are of this class. 
Bodies identical or similar, are secreted by many bacteria, and 
Lehmann believes that the body which liquefies gelatine in 
cultivations is the same as trypsin from the pancreas. They 
form albumoses, then peptones. Papain is an example of a 
vegetable enzyme whicli hydrolyses nitrogenous matter. I 
found that the enzyme* produced by Bacillus -fiuorescens liquefa- 
ciens. when separated from the organism by a Pasteur filter, is 
capable of causing liquefaction of gelatine. Professor Boyce 
has confirmed this observation, and has observed that tttteri- 

^^H tidis sporogenes forms a similar enzyme. 

^^^P II. Eneyines which attack carbohydrates. Diastase, which 

^^V dissolves starch, forming dextrine and sugar, is a type of a 

1^^^ class of amylases, comprising glucase\, granulase, tnaltase, and 

dexlrinase, described as ha\'ing slightly different functions. 

II Invertase and lactase alter the sugars. Zymase (Buchner), from 
^^^b yeast and some other fungi, converts sugar into alcohol and 
^^^B CO3. Cytase. which dissolves cellulose, we shall describe later. 
^^H III. Ensy»ies which decompoa fats. Lipase (Hanriot), and 
^^H others will also be further alluded to (p. 93). 

^^^^ IV. Special actions. These art* very numerous. Abeloiis and 
^^H Gerard t have obtained from animal organisms an eozyme 
reducing nitrates to nitrites. 

Enzyme-changes like those by bacteria are arrested when the 
products reach a certain amount. This hindering of a reaction 
by the presence of the product of an enzyme-change, with the 
possibility of attaining a point of equilibrium between a direct 
and inverse change, has been specially studied by Hill.S As a 
representative instance he takes the conversion of maltose into 
glucose by maltase, an enzyme from yeast With a 40 per 
I cent, solution he shows that equilibrium is reached when 84 per 
I'cent of sugar is maltose and 16 per cent, glucose 

Maltose -> Giucosel ,. , . 

* Rjd«al tatA Orchard. Analyil, Oct., 1S97. 
t Beyerinclt. BUd. Cinlr., 1896, x»t,, 733 
I Cotnpl. Rind., cxxix,, pp 56 and 164 
) Jfur Chtm 5w..;Ang.. 1B9S 



CHEMICAL CHANGES. 

In weaker solutions the equilibriiim point for maltose increases, 
so that in a 2 per cent, sugar solution, it is almost completely con- 
verted. In a solution so dilute as a sewage the influence of the 
products would hardly be felt, so that the enzyme clianges would 
proceed to completion. Still, the action is more energetic when 
the products are removed as formed, and the bacteria are supplied 
with fresh food. 

The fermentations occurring in the first or Ijydrolytic part of i 
the process may be chemically classified as follows : — 

[. The solution and decomposilion of albuminous bodies. 

2. The fermentation of urea. 

3. The fermentation of the ami do -com pounds formed from 
the albuminous bodies. 

4. The formation of organic acids, and the fermentation of 
their salts. 

5. Cellulose or methane fermentations, 

6. The fermentation of carbohydrates. 

7. Decomposition of fats. 

8. The formation of small quantities of sulphur compounds, 
like HjS. mercaptan, etc. This, from the odour of the products, 
often attracts the most attention. 

These, as a rule, are brought about by bacteria ; mould and 
yeasts not being commonly found in sewage, indeed their ' 
presence, according to Andreasch, is distinctly prejudicial to I 
normal bacterial action. 

I. Hydrolysis of Albuminous Bodies. The putrefactive fer- 
mentation of albuminous bodies is caused by a large number of ' 
species, of which the forms from London sewage, mentioned in 
the last chapter, are among the most frequent. The first action 
is parallel to ordinary digestion, that is, the so-called peftomza- 
lioft, or conversion into a soluble form. The peptones are then 
split up, amido-acids, like leucin, tyrosin, etc.. are formed, 
together with a number of substances of the aromatic group. 

L. Geret and Martin Hahn" describe proteolytic enzymes 
existing in yeast and also in such bacteria as Sardna rosea, 1 
B. tuberculosis, and B. typhosus, and state that they not only 
decompose and dissolve the albumen already present, but also 1 
attack additional quantities of albumen from other sources. 

II. TMe FerwcHtation of Urea. Ordinarily, by the action of J 
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B. urea and M. urea, a simple and typical hydrolysis 
thus: — 

CO(NH,), + H,0=C0, + iNH, 

The carbonic acid and ammonia combine to form carbonate 
of ammonium which dissolves, therefore none is evolved 
and no oxygen is required beyond that deri\'ed from the water, 
even for the bacteria, since these are facultatively anaerobic, 
M. uteee, for example, growing equally well in oxygen and 
hydrogen, and we know that urine putretes in clos^ bottles. 
Miquel found that several water- bacteria readily converted urea 
into ammonium carbonate, and that M. urea was constantly 
present in the atmosphere. 

III. Tke disposal of amido-coin pounds derived from albu- 
minous bodies. It will be seen from the table (p. 78) that either 
nitrogen or ammonia can be produced by bacterial action. 

That both transformations of some of these bodies occur is 
proved by the composition of ihe gases from a closed tank as 
already given, and also by the liberation of H and CO^ in 
anaerobic cultures. Thus Hugounenq and Doyon* found that 
under these conditions B. colt commnnis generated H and CO3 
(the gas bubbles). B. tetani also H and COa. B. typhosus N and 
CO,. 

Every eight parts by weight of oxygen absorbed from water 
would involve the liberation of an equivalent, or one part by 
weight of hydrogen, so that the weights, if increased by one- 
eighth, give the weight of water taking part in the hydrolysis. 
At present it is difficult to say whether the first or second of the 
transformations given in the last two columns of the table should 
be encouraged. As a matter of fact, both usually occur in 
practice. 

It is obvious that the first or more complete change is one in 
which the gases evolved would be entirely without odour, but the 
N, being in the free stale, is lost : in the second or less complete 
anaerobic change, the gas will have an ammoniacal odour, and 
would be offensive if allowed to escape into the air The effluent 
also will contain combined N in the form of NH^ and compound 
ammonias, and make it absolutely necessary to insure that 
adequate nitrification should follow. In this case the final 

PonninRIon and Kfisol found that B. loli under 

per tenia , t,t to 70 H, 13 to 34 CO.. 1 It. 4 

wben O excluded), and i lo j N (J, Amer. Cbem, Soc , 



■ Am Chim. P*v) , iggS 
ordinary conditions 
iihane (not formed 



CHEMICAL CHANGES. 



87 

effluent theoretically contains all the original organic N in thfr 
form of nitrate, which is available for plant nutrition. 

The " bye-product " of these re-actions is a varying but small 
quantity of dark pulverulent matter resembling the humus or 
peaty substances of soil. It is of somewhat indefinite constitu- 
tion, containing nitrogen but is innocuous from ils very stability. 
It partially subsides and gradually disappears, while the sus- 
pended portion may cause turbidity and colour in the liquid, which 
iire removed by subsequent oxidation under aerobic condition: 

As compared to the voluminous " sludge " of chemical or 
mechanical treatment, the anaerobic liquefaction leaves only a 
small quantity of this earthy matter which requires no special 
provision. 

The amido-acids formed in liquefaction break up into fatty 
aromatic acids and ammoniii. Since many of them are very 
stable bodies, the decomposition is slow. Following the general 
rule, being products of bacterial action, they hinder the activity 
of the bacteria themselv^^, furnishing an additional argument for 
the constant removal of the products by a continuous, as opposed 
to an intermittent syslem. 

Among the amido-acids that have been found as products of 
albuminous putrefaction are: — 



I 

,11 ' 

n 
4 



Name 


Constitution. 


Formula. 


Produeis- 


GlyCOCine ., 


.Vmida acetic 


CH,(NH,)COOH 


Ammuniaandacelic 


Leucine 
Tyrosine 


Aniido-isocaproic ... 


1 COOH 
iCH.C.M.fOH) 

tcmNH,)caoH 


Ammoniaandisocaproic 
acid 


A^partk ... 


Arainlo-succinic 


(CH.COOH 
\CH(NH,)COOH 


Ammonia and malic acid, 
then succinic 


Asparagin ... 


Amido-succinaraic... 


rCH,CO(NH,) 
1CH(NH,)C00H 


Ammciniaandnialicacid, 
then succinic. 


Glataiiiic ... 




(&o"d'„T-' 


Ammonia and probably 
succinic acid. 



Tyrosine has been said to be strongly antiseptic, but its 
quantity in fjcces is small, and it is largely diluted in the 
sewage. It breaks up into indol. skatol, phenol, and acids related 
to benzoic. Spirt Hum rugula and the B. co pro genes group 
develop a strong faecal odour, probably owing to this r 
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^^^HJn the Exeter and Ashtead hydrolysed effluents I only 
^^^Bleucine unchanged ; acetic, butyric, and caproic acids were, 
^^^Bevcr, isolated, and traces of succinic as well as indol and skatol. 
^^^^ The development of these more or less antiseptic substances 
^^^Tii) the intestines probably accounts for the excreta not being 
P further liquefied in the body, although large numbers of the 

I necessary organisms are present: on emerging, however, and 

I undergoing dilution, the bacteria at once become active. 

The basic amines are of two classes -, 

II (i) Non-volatile crystalline compounds known as ptomaines 
^^^ and leucomaines : they are poisonous, but that they are destroyed 
^^^Lin the subsequent aerobic treatment is shown by the fact that the 
^^^Bfinal effluents are not poisonous to fish. 

^^V (2) Volatile bases or substituted ammonias, usually of strong 

P odours and alkaline. These, in the ordinary method of analysis 

by distillation are partly put down as " free ammonia," which 
includes not only the ammonia existing as carbonate, but 
also that combined with the organic acids as salts, as well as 
such compound ammonias as react with Nessler test. Many 

l| years ago Young pointed out that in the usual mode of distilla- 

tion a great deal of volatile nitrogenous matter escaped which 
was not recorded by Nessler test I have often also indicated 
that the conventional procedure in the Wanklyn determination 

ll gives an " albuminoid ammonia " which is far short of the fixed 

organic nitrogenous matter, probably accounting for such low 

i figures as 0-34 (with 138 of chlorine) and 024 (with 103 of 

|l chlorine) for raw sewages in the recent Manchester and other 

reports. The Kjeldahl process, on the other hand, gives the 

^^^^ whole of the ammoniacal and organic nitrogen. 

^^^L In a septic tank effluent, I lately found by fractionation of the 

^^^B^drochlorides, in parts per 100,000 :-— 

^^^H Actual ammonia ... j 46 

^^^^1 MoDometbylaii 

^^^H TrimelhylaniiD 

^^K!the original having given 46 parts of " free ammonia," and (by 
Kjeldahl)' 198 parts of fixed organic nitrogen, with a chlorine 

I content of 6-2. 

I Trimethylamine has a fishy smell, which is very marked in 

some sewages. B. una, B. prodigtcsus, and B. fluorescens futridus 

I develop this compound during putrefaction ; Amylamine and 

^^^^thers are also found. The chief importance of the group lies 
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I. Their volatility aud odours ; 

3. Their removing carbon as well as nitrogen ; 

3. The toxic nature of some, by which they hinder the sub- 
sequent nitrification. Therefore — 

(a) The preliminary liquefaction should be conducted in 
closed chamber ; 

(i) The amines must be removed by a nitrous or other oxida- 
tion in the second part of the process, before reaching the nitric 
organisms. 

IV. TAe fotmrjlion of organic acids and fermentation of their 
salts. In the breaking up of complex organic molecules 
number of organic acids are set free, and combine with any 
bases present, their salts being afterwards further broken down 
by such fermentations as are given in the annexed table, adapted 
from Dr. E. Herfeldt's summary of the varieties of septic fermen- 
tations.* (See table next page). 

Hoyert has shown that acetic acid bacteria can live in 
absence of air, and under this condition reduce tndigotin^ 
methylene blue, and litmus, with liberation of COj. As sources 
of nitrogen, they can utihze peptone, asparagin. nitrites, and 
ammonium sails, whilst acetales. lactates and sugar can serve as 
sources of carbon. This shows thai aerobic and anaerobic species 
are by no means rigidly separated ; \'ery few are obligatory in 
either sense. 

There are also ferments existing in fungi and most vegetables, 
called by Bertrand " Oxydases." which are capable of acting on 
phenol and the aromatic compounds in the second stage. 

The rapid oxidation of organic acids in presence of traces of 
ferrous salts, which always exist in sewage, seems to take place 
without the agency of bacteria, and is being investigated \xy 
Fenton and Jones,+ and others. 

V. Solution of Cellulose and Fibrous Matters. — Mitscherlich 
in 1850 proved that cellulose was dissolved by fermenta- 
tion, and Van Tieghemg in 1870 describes the most active 
organism as B. amylobacter, anaerobic, and derived principally 
from the intestines of animals. Il is always found in putrefying 
infusions, and hydrolyses sugars and starches as well as cellulose. 
giving butyric acid and hydrogen, whence its later name of 
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Table of Fermentation of Organic Acids 

(For simplicity, the sodium salts are taken, though the lime salts are rather more fermentable.) 



Salt 
fermented. 

Formate 



Acetate 



lactate 

Undergoes fonr 
difleroMt f.-r- 
mvtitHtiDus. 



Malate 

Diflferetit ftr 
msniations. 



Tartrate 



Citrate ., 



Glycerate 



('ause of fermentation. 



" Bacteria from sewage 
slime " 



Ditto. 



Products. 

Acid sodium carbonate. NaHCO,. car 
bonic acid and hydrogen. 



••Thin bacillus" (l-itz) 
'* Other spec es oi 
b.icteria ; short aero- 
bic buivricbaclerip " 

(Fitz).' 



Acid sodium carbonate, NaHCO,. car- 
bonic acid and methane, CH^. 



Bacteria not described 

•Thin bacilli." 

B lactis aerogenes 

(O. Emnierling). 



1. IVopionic acid, and as bye-products, 
acetic and succinic acids and alcohol. 

2. I'ropionic and valeric acid 

3. Butyric and propionic acid. 

4. Butyric acid and hydrogen. 



I Chief product- propionic acid; bye- 
product— acetic acid 

2. Chief product — succinic acid ; bye- 
product — acetic acid. 

3 Butyric acid and hydrogen, 

4. Lactic acid and COg. 



Different species of 
bacteria. 



•• Small, thin bacilli." 



Micrococci ; medium- 
sized bacilli. 



1. Chief product— propionic acid; bye- 
product— acetic acid. 

2. Butyric acid 

3. Chief product — an acetate ; bye-pro- 
ducts — alcohol, butyric and succinic 
acids. 



Acetic acid in large quantities, with 
small quantities of alcohol and succinic 
acid. 



1. An acetate, with small quantities of 
succinic acid and alcohol. 

2. Formic acid, with some methyl alcohol 
and acetic acid. 



Under active microbic fermentation all eventually pass into CO, and H or 
CH4. The CO, is partly free, and partly as bicarbonate of the base. Acetic acid 
is generally the penultimate product, therefore the common production of methane. 
Any amides of the acids are hydrolysed, with liberation of ammonia. 
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B. butyricus. Tappeiner* fennenteii coIlon-wcx>l and papa- 
pulp in a weak nitrogenous solution, and obtained CO^ and j 
methane in neutral, and CO^ and H in alkaline solution. Hoppc- 
Seylert in 1886 found only traces of soluble residues, and 
concluded that at &rst a soluble carbohydrate was formed by | 
the action of water, and that this was ttien split up into carhonic i 
acid and methane — 

C„H,aOo=3 CO^ 4 i CH, 

If more water took part, less CH^ and more 11 would be ( 
obtained. 

Horace Brown, about 1894, investigated a cellulose-dissolving. [ 
enzyme in the digestive tract of herbivora. He found that the 
enzyme was secreted by the plants themselves, and came into 
activity under favourable conditic.ns. " Rot-steep," or retting of 
flax, and skeletonizing of leaves, are processes of similar character. 

Von Senus, in iSgo, proved the fermentation of fibre to be 1 
anaerobic, that it was occasioned by a symbiosis, or concurrent 
action of li. amylobacler with other organisms, and that gaseous 
products of the above character finally remained. He isolated | 
an enzyme which dissolves fibr*.. and also a group of the , 
resolving bacteria from mud, stomach -con tents, and decaying 1 
ve etable matter, 

Brown and MorrisJ have also isolated from fungi a similar 
identical ferment called "cytase," quickly dissolving celluloses.8 ' 
It is well known how ra])idly Merulius luchrymans, or " dry rot," ] 
softens the fibre of hard wood. 

In laboratory e.xperinienls with different kinds of cellulose, 1 
paper, cotton-wool, etc., in water inoculated with sewage organ- 
isms. 1 have observed gradual liquefaction with the production 
of inflammable gases. Omeliansky believes that B. itmylobacier 
is not a separate species, but includes a number of forms that act 
as butyric ferments, and ihat none of them separately dissolve 
pure cellulose to any marked extent Swedish paper in a solution 
containing chalk, magnesium and ammonium sulphates and potas- 
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sium phosphate, inoculated with Neva mud, fermented actively, 
and both it and the chalk dissolved. By Winogradsky's elective 
cultures he isolated the chief bacillus causing the change, which 
he describes (Comptes Rendus, cxxi,, 653), 

The changes occurring in silos and in manure heaps, may be 
noticed as examples of the anaerobic breaking down of cellulose 
and fibrous matters. 

Macfadyen and Blaxall have recently shown that these results 
are due to an extensive group of thermophilic bacteria, which 
are widely distributed in nature and especially in sewage and in 
ensilage. The majority reduce nitrates and decompose proteid 
matter, but in addition they possess the important property of 
decomposing cellulose into probably CO^ and marsh gas, 
Swedish filter paper in 10 to I4 days was completely dis- 
integrated by these organisms. Omelianski describes a B. 
fermentationis cellulose, yielding 70 per cent, of fatty acids, 
chiefly acetic and butyric, and 30 of g.ises, C0„ and H. (Arch. 
Sci. bioi. St, Petersburg, 1899, vii., 41 1), 

Vasculose (Fremy), constituting the harder parts of plants, is 
also slowly disintegrated by organisms. 

The smaller remains of vegetable matter which pass down 
sinks, occasion considerable nuisance when an attempt is made 
to remove them by screens, or on the top of a coarse filter. They 
act objectionably in three ways: — 

1. They set up acid fermentation and corrode iron. 

2. A large proportion of domestic vegetable debris (cabbage, 
etc) contains sulphur compounds, and evolves, on decomposition. 
very offensive odours. 

3. They form a pulp which blocks the strainers. 

Cnder anaerobic conditions in v closed space they rapidly rot 
away and disappear, their pectose first dissolving, and then their 
cellulose, while the ammonia takes up the acids. 

VI. Feruiettlalion of other Cofbohydaies. Starch, different 
sugars, and gummy substances undoubtedly enter into sewage. 
But their hydrolysis is so rapid, that very little trace of them is 
found after a short period. The fermenis in human faeces allied 
to diastase and mvertase were investigated in 1887-88 by O. Loew* 
Pavy,t and R. von Jaksch.t Those fermentations, such as the 
I alcoholic, which are usually occasioned by higher fungi like 

• Mtigir't Aniiiv. xivii.. 103, 
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yeasts and moulds, do not present themselves distinctly, although J 
the B. colt communis is capable of fermenting sugars and pro- 
ducing lactic acid, alcohol, and a volatile acid. The changes are 
either lactic from B. acidi lactici. or butyric from Clostridium 
butyricum. or Bacillus butyric us (both anaerobic), and give, 
besides the respective adds, carbonic acid, hydrogen, and \ 

VII. Decomposition of Fats. — Soap-suds and greasy matters 1 
occasion considerable trouble in the mechanical treatment of 
sewage. At Bradford the refuse of wool-scouring has been the 
chief difficulty for years. The sewage has been prcci.pitated 
chemically by ferric sulphate, but in addition to the large quantity 
of chemicals required, and the unsatisfactory character of the 
effluent, the very large amount of grease in the sludge obstructs 
the filter presses, and renders it impossible to reduce the water 
below 95 or even g8 per cent, which not only increases its weight 
and bulk, but also the difficulty of drying (p. 149), 

In a bacterial tank the grease is first emulsified by the 
ammonia. There are several bacteria that attack fats in presence 
of nitrogenous substances,' breaking them tip into the simpler 
acids of the fatty series, like acetic and butyric, which in their 
turn are finally resolved as on p. 90. Many common moulds 
also act on fats, notably the ordinary green mould, Pi-nidll/um 
glaucutu. which Hanriot found to contain lipase besides emulsin 
and other ferments. Moulds are not commonly present in 1 
the anaerobic stage, but occur in the second, or limited aeration. | 
Ritthausen and Baumann found that a great destruction of fat 
occurred by the action of moulds and bacteria in a substance 
containing proteids as well ; the substance they experimented 
on was rape-caket The glycerine also ferments. 

Via. TAe Sulphur Fetmenialion.—T^x. Sims Woodhead 
found Bacterium sulpkureum in the Exeter tank. It liquefies 
gelatine, casein, and other albuminoids, and produces sul- 
phuretted hydrogen. Several observers did not, however, find 1 
H,S in the lank gases, I have found that a mercaptan (methyl ] 
hydro-sulphide) and other ethereal compounds are undoubtedly J 
present in small quantities. They are very soluble, and easily 1 
oxidized 

The sulphur fermentations seem to have many stages, Martinus "I 
Beyerinckt groups in a new genus Atrobacter, bacteria derived J 

* Sdmman^a, Zrt'ti. Hyg . xvii 441 

\ Lmiw, Vinttchi. Slat . ilvii.. jRA. tfl^fi. 

[ Arek. Nedetltmi Sci nal . 1900. 2, tv.. i. 
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^^H:from air but facultatively anaerobic, which cause fermentations 
^^H^ivtng H, COg and lactic acid and also form sulphuretted 
^^^P hydrogen from proteids and from sulphur compounds other than 
^^H sulphates. They are detected by tJie blackening of white lead 

^^r diffused in the cultures. They reduce nitrates to nitrites, but the 
presence of the former prevents fermentation and gas- formation. 
In air tiiey may act as oxidizers, except the -Aerobacter known as 
B. coli fommunis. " The nauseous odours of putrefaction are 
not due to sulphides. The reduction of sulphates is due to 
SpiTilliim desulp/x7iricans." Saltet isolated a B. desulphuricims 
which reduces sulphates to sulphites, but produces no H^S. 

Most of the sulphur, however, enters into combination with the 
iron present in the sewage, forming insoluble ferrous sulphide 
and giving a black colour to the suspended matter. When the 
black matter is treated with acids, sulphuretted hydrogen is 
evolved and the substance bcromes brownish, just as when strong 
acid effluents from factories are discharged into ditches or on 
to the black mud ban'is of nc;^lected rivers, a liberation of 
sulphuretted hydro;jen occurs. In the lank, however, the ferrous 
sulphide is protected by the ammonia ; on reaching the oxidation 
stage it is converted into a basic ferric sulphate, forming an 
ochreous coating on the materials, which considerably assists in 
the transfer of oxygen 



^ 



A proportion of the bacteria esc;,pe from the septic tank or other 
anaerobic chamber; but a large number lemaln entangled in a 
Boogltrit mass either at the top or bottom of an unobstructed tank, 
or as a layer on the surface of the flints or other filling material. 

With the exception of not requiring extraneous heat, the first 
stage of anaerobic resolution of organic substances is analogous 
to the decomposition of coal in gas retorts, the chief products, 
free hydro-en and methane, CH^ beini;; identical : in fact, the 
latter has been called " marsh gas " from its being produced in 
stagnant pools where hydrolyttc changes occur bene,-)th the 
surface As disengaged from closed tanks the gas is found to 
burn with a blue flame, like thai of an ordinary atmospheric 
burner, giving great heat, which can either be utilized under 
boilers, or by means of incandescent mantles be applied to the 
lighting of the works M Exeter, a gas lamp of the usual street 
.pattern is fed from the gases of the septic tank The residual 
'igaseous energy that is av'ail.ible in this way rnn be approximately 

ilculjited from the consider tion that the organic matter removed 
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from the sewage and converted into gas in the tank is, for the 
most part, not oxidized or burnt therein. The oxygen-con- 
sumed figure of the raw sewage, with its suspended matter. less 
the oxy en-consumed figure of ihe tank effluent, gives a measure 
of the combustibility of the gases produced. For example: — 



I 









Raw Sewage. 


Tank Effluenl. 


Difference. 


Exeler 

Caierbam 

Yeovil 


6-56 
i-f97 
7'*3 


9 23 


572 
132 



It is easy to understand, bearing in mind ordinary burning, 
how, in oxidation changes, energy is obtained for the continuance | 
of the reaction. In hydrolytic changes, the source of energy ' 
is not so clear, but it will be seen that in these decompositions, 
there is a distinct evolution of heat, small in amount, and almost , 
imperceptible in the bulk of watei, but sufficient to continue the 
reaction, which is commonly known, therefore, as cxol/irrmk, or, 
containing within itself the conditions of its own propagation. 
Thus in the case of urea — 

H^O + Aq = CO, -1- 2NH^q 
+ 6$-4 -i-9;-6 2x(-i-20'4) 



COCNH,), - 

Heats of formation + 7;i; 



145-9 "38'4 

but the 2NH3 and CO^ neutralize one another, resulting i 
further evolution of about 20 units 

Hence 
145-9 must be absorbed while 1584 must be evolved, giving a i 
balance of 12-4 units evolved. 

[The units are kilogram-centi grade and the substances are 
taken in gramme molecules.] 

Cellulose. 
C,H,„Os + H,0 = 3 CO3 -t- 3 CH, 
Heat of formation 246 68 291 49-5 

Heat absorbed 314 Heat evolved 340'5 
Evolution of heal 26^ units. 
The heat of formation of cellulose is calculated thus : — 
Complete combustion of 6C and loH to CO, and water: 



^^^^ SEWAGE AND ITS PUR1K1CAT10N. ^^^^^^H 
^H 6C + 5H, + O in excess = 6CO, + sH,0 ^^M 

^^B 6x97 ^^H 

^^1 Combustion of cellulose CJl^fi^ gives 678 units (Stohmann). ^^M 

^^H 924 - 67S 246.] ^^H 

^^H Berthelot and Andr^* state that one gramme of albumen drtcd ^^H 
^^^bt 100° C- gives 569] calories (gr:im -centigrade units). ^^H 
^^m Hence CgH,3N203 = 185 of albumen give 185 v 5691 = ^H 
^^B>052,835 = 1,053 Itilogram units. ^^H 
^^H We must fij-st calculate from this the heat of formation of ^^H 
^^^bbumen. ^^H 
^■(SC + 13H + 2N + 3O) burnt = 8CO3 + 6H,0 + N, + H ^H 

^^M 8x97 ^^H 

^^^ttlence heat of formation = 1.184-1,053=131 units.t ^^^| 
^^B Now assuming a complete hvdrolytic change T — ^^^| 
^H 4C,H„N,03+ i4H,6 = 4N, + i9CH,+ i3CO, + 4H ^H 
^^H Thermally 4x 131 14x68 iqxi6'5 I3xg; ^^^| 

^H 524 + 952 ^^M 

^^H 1.476 absorbed- 1,573-5 evolved. ^^^| 
^^H giving a balance of 1.576— 1,476= 100 units evolved. ^^^| 
^^H It is curious that the percentage of the heat evolved in the ^^H 
^^^nroducts is in each case nearly the same : — ^^H 


H 


Heat in 

products. 


Heat evolved. 


~~ ■ 


^^^^Blbunien 


'5a-4 
340 

'.575 


26-5 


1 


^^^ These enzyme reactions follow the ordinary chemical law of ^^H 
r going in the direction of an evolution of heat They occur ^^H 
1 at atmospheric temperature, and it has been pointed out by ^^H 
^^^Van t'Hoff that the lower the temperature the more nearly will ^^H 
^^Hfierthelot's law of maximum work be obeyed- ^^H 

^^^H • Chrm. Sei. AbiUaM. 1S90. p. ^^^| 
^^^H[+ I have led out one hydroimn Atom in this calculation, l)ecal1H^ in iheenivtne ^^^H 
^^^^BHction one hydrogen per molecule i>f albnroen ii sel fr»e. ^^^H 
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The Second Stage, or Semi-.*erobic Breaking Down 
OF THE Intermediate Dissolved Bodies, 
is not generally distinguished sufficiently from the first, nor 
allowed adequate time lo develop It occurs in the upper layers 
of bacterial filters, as requiring liillc oxygen, and results generally 
in the production of nitfitcs, the conditions being favourable to 
ihe growth of B. nitrosomonas. In this stage the amido com- 
pounds, fatty acids: and dissolved residues of hydrolysis undergo 
a further resolution. 

NilTosifiC'iHon, or the production of nitrites, and secondarily of 
nitrogen and its lower oxides, by partial oxidation, should 
normally occur in the second stage of bacterial purification. 
WTierever we find a final filter acting badly, either from deficient 
aeration, or other cause, the fault is at once indicated by the 
appearance of a high proportion of nitrites, as tiierosifiailion is 
not nearly so delicate a process or so difficult to initiate or control 
as nitrifi^alion, or the production of nitrates, which it would 
naturally precede. For example: — P. F. Richter isolated a coccus 
of medium size, which in 20 minutes produced a very intense 
nitrite re-action /« fresh urine, and in addition reduced nitrate to 
nitrite, a retrograde change which I have already remarked as 
common to many bacteria, and characteristic of crude attempts to 
introduce nitrification before the sewage is properly hydrolysed 
and prepared. Nitrosification proceeds most rapidly in the 
presence of diffused light and of a moderate amount of air. In 
many processes the purification goes no farther, when nitrification 
is not subsequently active, , 

The nitrosification change is. however, very valuable in the! 
second stage, as getting nd of the transition products, ammonia, 
amido-acids, and the amides by double decomposition into water, 
or hydroxy-compounds (which are afterwards broken up by fer- 
mentation! and nitrogen gas .^s simple instances we have: — 

NH, + HNO3 -. 2H^O + N^ 

CNH„) CH, COOH4-HNO, = fOH-i CH^ COOH + H3O + N, 
Amido-acetic acid. Glycolic acid 

fNH,1 C,H, + HNO, = C^H.pH + H,0+N^ 
Ethylaminc Alcohol 

In the process nitrowen and carbonic add are evolved, but 
scarcely any hydrogen, nor methane. 

This chan~e is. therefore, accompanied by a great loss of 
nitroeen, and a removal of odour. It takes place in the resting- 
full period of filters, and causes a greater loss of nitrogen than 
of catboa 
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Grimbert' has shown that the Bacillus coli communis and the 
Bacillus typhosus do not disengage gas in i per cent, solution of 

peptone plus i per cent, potassium nitrate, but that gas is pro- 
duced when the peptone is replaced by meat extract which 
contains simpler am ido- com pounds. When these organisms 
disengage gases in a medium containing nitrates, the volume of 
nitrogen evolved is always about double the amount which 
the nitrate destroyed could possibly produce, proving that the 
nitrogen does not come exclusively from the nitrates, but 
results from the secondary reaction between the nitrous acid 
produced by denitrification and amido-substances. Nitrites do 
not hinder the action of the bacilli, as the latter develop very 
well in a medium containing i per cent, of nitrites, and dis- 
engage an equal or even larger quantity of nitrogen than in the 
same medium containing i per cent, of nitrates. He believes that 
this is the explanation of the loss of nitrogen in the soil. 

Another mode in which nitrous compounds act valuably is 
that by their instability they serve as carriers of oxygen from the 
air to the organic matter, in a way similar to their well-known 
action in vitriol chambers. Bearing in mind the large production 
of carbonic acid in sewage purification, and the fact that nitrous 
is a weak acid, an observation of Miintz is instructive.! He 
found that the calcium nitrite in sterilized soil, when CO^ was 
passed over it, gave off nitrous acid rapidly, but on exposure to 
air. or on passing CO^ largely diluted with air, it was quickly 
oxidized to nitrate. I shall have again to allude to this change 
later. 

As an example of the production of nitrites, three Exeter 
filtrates, which on June 1 8th contained only "heavy traces." 
were analys^ed on June 30th, twelve days later. 



Number. 


OriRiiul N 
B> Nitrate. 


Aftn-ii 
day.. 


OriRiniU N u 


After H 
day.. 


VI. 

vn. 

VTII. 


0-J90 




Very heavy trace 
Heavy trace 
HeBTv trace 


..■48 
0-666 
"■55 



Annidn ii ilKiUlut Pailnr, January, 1894. 
+ Conftn nniNi, 1891, cn\ . tl^f. 
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A later sample will further illustrate the instability :- 



— 


Niiro 


gen as Nil rales. 


Nitrogen as Nilriles. 


Nov. loth, 1897 




I '49 


.030 


NoviSlh 




1-51 


■74 


Hec. 2iid 




^■58 


Trace, 



In an effluent from the septic tank at Exeter, on November 
[Oth, the nitrate was 0030, the nitrite none; on December 2nd, 
the nitrate was 0060, the nitrite excessive ; in this case the 
nitrite had been formed from ammonia, and not by reduction 
of nitrate. An instance of the transfer of oxygen by means 
of the oxidized nitrogen compounds, resulting in a reduction 
of the organic carbon, without a corresponding decrease in 
the amount of total nitrogen, was given by my analyses of the 
Caterham effluents in 1899, when kept for a short time in 
stoppered bottles partially full. 



Samples. 


No. I, No, 2, 


No. 3. 


No. 4. 


- 
No 5. 




Jan. 16 


Feb. lljan.27 


Feb. 1 


Jan. 38 


Feb, 1 


Jan, 30 


Feb I 


Jan. 31 


Feb, I 


AmmoniacalN 


laij 


1 1 -9 U-55 


la-i 


13-35 


11-54 


11 '4 


io'6 


238 


\ 


Organic N .. 


'618 


■4"! -8^3 


1-03 


-618 


'4' 


1-33 


1'44 


o-8i 




Nitrous N 


■148 


■074I -■5^4 


1701 


1-184 


I -40 


0-407 


041 


0*59 


0-666 


Nitric N 


7-68 
30596 


9-0 
M-386 


414 


436 5-eo 


6-46 


lo-j 


.064 


6-46 


5-52 


Total Nitrogen 


19447 


I9l9ii975i 


19'Si 


33 337 


3309 


31-67 




Oxidiied Nitro- 
gen ... , 


7818 


974 


6-064 


6 '063 


6-784 


7-86 


10707 


1 1 05 


7-05 




Percentage of 
Nitrification 


38 
3-31 


*55 
»14 


31 
6z7 


33 


34 'i 
4'ig 


39-6 
3-47 


33 

483 


334 
178 


22-3 

4*53 


<9S 


Osygen con- 
Mtned 


4 '43 




Chltffine 


iB-3 


- 


1975 


- 


31 -5 


- 


33-15 


- 


*4-33 




Percentage of 

the Oxygen 
consumed ...} 


- 


33 '5 


- 


30 


- 


»7 


- 


43 


- 





v'Wiia 
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The chief change seems to have been a transfer of the oxygen of 
the air by means of the nitrous acid to the carbonaceous matter. 
The nitrifying and nitrosifying changes appear to have g< 
contimiQusly, the nitric being reduced to nitrous by the car- 
bonaceous matter, which was thereby oxidized, and 'lie nitrous 
again absorbing oxygen and rc-forniing nitric. In Nos. i and 3 
the nitrogenous organic matter has taken part ; but the change 
as a rule is not a Gayon and Dupetit one (see p. 105), as no loss 

■ of total N as gas has occurred. It is simply an oxidation of 

I carboa 

The Third Stage, that of Complete Aeration. 

comprises the final oxidation of the nitrogenous and carbonaceous 

residues, and includes the formation of nitrates or nitniiuition. 

The amount of oxygen required for the processes of nitrifica- 
tion and nitrosifi cation is shown in the following Table : — 



Out Grammi ef niXropn nquirit .*- 



For 

prod DC I ion of 


GrammeB 
of 


Litres 

of 
oxygen. 


Litres 
of air 


Lures of 
oxyeen- 


N.O 


a-8s 


3-0 


10 'O 


286 


».o. 


17 


I a 


6'o 


170 


HjO, 


113 


0-8 


4-0 


114 


N,0 


0-57 


--. 


.■0 


57 



So that to nitrify in an effluent, five parts of nitrogen per 
100.000 (i gramme in 20 litres) will demand about half its 
volume of air, or about fifteen volumes of fully aerated water. 
This explains the comparative failure and frequent collapse of 
filter beds in large masses, especially if the fluid is a raw sewage 
or a merely screened or precipitated effluent without preliminary 
hydrolytic change, as with everj' 100,000 gallons of sewage, 
about 50,000 gallons of air must be continuously supplied. 

Contrivances like fountains, cascades, and weirs can only raise 
the dissolved ox>-gen to the saturation point of about 7 c,c. per 
litre, or 700 gallons per 100,000 ; although useful, if simple, like 
the aerator at Exeter,* tfiey are quite inadequate, 

■ In Nov , 1896, I found that while ilie S-ptic Tanli RMaeni coni^ned no 
tajgta, after passing over this aerator it bad dissolved o j6 cc pet litre. 
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At Manchester, in 1897, Mr. Fowler investigated the conditions 
under which the (chemically precipitated) effluent would become 
purified by exposure to air out of contact with any filtering 
medium. He concluded that : — 

" Exposure to air is only effective .... when exposed in 
shallow layers, and for a considerable period of time .... 
It is not probable that aeration sufficient to at all adequately 
oxidize an effluent could be produced by any system of cascades 
which could be applied in a practical form." 

The following table summarizes some of his experiments : — 



1 
Air passing over surface. 


Air drawn through liquid. 


Hours ^ 


Per cent. 


Hours 




. 1 Per cent- 


exposed. 


Kj consum a. 


reduction. 


exposed. 


consumed 
200 


reduction. 





252 









21 


^•58 




4 


208 


— 


27 


257 


— 


; 6 


200 — 


72 


1-44 


43 


23 


1*62 1 19 


95 


I'26 


50 


1 27 


150 , 25 


100 


I'2I 


52 


47 


i'3i 


35 


117 I 16 


54 


1 51 


I-20 ' 40 


141 


080 


68 


71 


oyo 55 


m 




95 

1 


0-51 

> 


74 


Complete analyses : — 






consumed in 


Free and s<iline 


Albuminoid 




four hours. 


ammonia. 


ammonia. 


August 9th 


338 


I 25 


18 


nth 


I 46 


I '55 


10 



On these results it would seem that : — 

1. The change conforms at first to what I have called Stage II., 
the partially aerobic in which the nitrites formed increase the 
" oxygen consumed." 

2. A steady reduction of the carbonaceous matter then occurs 
from the double decompositions we have indicated. 

3. The inception of nitrification in Stage III. probably follows, 
though as the nitrates are not given, the point cannot be 
ascertained. 

4. That not much acceleration is produced by forcing the air 
through the liquid, as against simply passing over the surface of 
shallow layers. 
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5. That the improvement by aeration alone for four or six 
' days is inferior to that effected by bacterial filters in eight hours. 

6. That determinations limited to the " oxygen consumed " 
are insufficient for revealing the character or amount of the 
purification. 

The third stage, in fact, includes much more than a simple 
process of oxidation, although it demands a supply of oxygen 
in excess. 

Nitjificaiion proper, or the production of nitrates, is due to one 
or more organisms capable of growing in culture solutions which 
are practically free from organic carbon. But, under natural 
circumstances, they act in succession to nitrous organisms, and in 
the presence of organic material, which they do not, however, by 
themselves decompose." Some of the difficulties of the subject 
have been cleared up by the researches of Adeney, who, by cultiva- 
tion in known solutions, has eliminated disturbing factors. His 
conclusions are : — 

1. In inorganic solutions, containing ammonia, nitrous 
organisms thrive, but nitric organisms gradually lose their 
vitality. 

2, Nitrous organisms cannot oxidize nitrites to nitrates in 
inorganic solutions. 

3. Nitric organisms thrive in inorganic solutions containing 
nitrites, 

4, The presence of peaty or humous matter appears to 
preserve the vitality of nitric organisms during the fermen- 
tation of ammonia,t and establishes condilions whereby it 
is possible for the nitric organisms to thrive simultaneously 
in the same solution as the nitrous organisms. 

In corroboration of this opinion Alfred BeddiesJ has lately 

cultivated nitrifying bacteria from manure heaps in a nutritive 

I solution containing one per cent, of a strong solution of humus 

and 025 per cent, of sodium silicate, and finds that in this way 

I the organisms were much more stable than those obtained by 

' Winogradsky in the absence of organic matter (p. 63), Four 

' Wittogradiliy. Ctntr B»ht Par., 1896, a. li., 41J and 449. Omeliansky, liirf., 
», II. V. 473 SMuUoCnifr BnW. 1899, 652 . Mill Lanin' Biiilau, i.-;^: 
197 ; Comfl Rnd . 1899, 566. 

( Ab W Ihe produclion o( peaty mailer by B. iinsiHlmcia see Julius Siocklasa 

{B'li Cinlr.. 1899. «viii , 3S8). Slriflolkrin diramtgiua a a humus-producing 

—.DiganisTn found in soils IJ Chem. Soc , 1900, ii , 415) 

; Chtm. ZM., 1899. «iii., 643 
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stable varieties of nitric and three of nitrous bacteria were 
isolated, the stronger forms being singularly unaffected by 
changes of temperature, and growing freely together without 
interference. He obtained evidence that in presence of an abun- 
dance of nitrifying organisms, denitritcation is hindered, and 
there is no loss of free nitrogen ; wlien, however, denitrifying 
organisms predominalc. the nitrifying bacteria are injured, 
especially if aeration is limited. This is in accordance with what 
we have observed in connection with some bacterial filters. 

In an effluent which is properly prepared and well-aerated, 
nitrification can often be encouraged by seeding with a small 
quantity of a fertile garden soil. 

The conditions of nitrification have been often stated but may 
be recapitulated. 

(a) In every case the formation of ammonia by some other 
organisms precedes the appearance of nitrous or nitric acid (p. 82). 

(_&) Some fixed base must be piesent to combine with the acid 
formed. Therefore, in a sewage farm, if the soil is devoid of lime 
it must be added. Ordinary sewage contains fixed alkali derived 
from washing sod;i. and any acid discharges are generally 
neutralized by this and by the free ammonia. E, Chuard" found 
that nitrification may occur in an acid medium, but that it was 
very slow. Hence in strong manufacturing effluents a treatment 
with lime may be necessary before nitrification will lake place. 

(0- The solution must not be too strong, nor too alkaline. 
Warington found that a 12 per cent solution of urine was the 
highest strength nitrifiable, and that the maximum alkalinity 
corresponded to 368 parts per ico,ooo of N as ammonium car- 
bonate, equal to 44'6 parts of ammonia. These are strengths 
which only under special circumstances would be approached in 
sewage. In the runnings from urinals, stables, etc, dilution would 
be necessary. 

Winogradsky and Omelianskyt found that sodium carbonate 
is essential to nitric and nitrous organisms, and that the oxidation 
of the nitrite and the growth of the former microbe are in- 
separable. As to products of hydrolysis, " peptone in excessive 
amount cannot alter the specific function of the microbe, but 
destroys or completely checks it under certain conditions," 
asparagin (p. 87) is injurious, urea is inert below 005 per cent. ; 

• Comfits riHiiu. cxiv . iSi. 
+ Chtm. Ctnir , )i . 131, 117. 164. Tha use of loap-water in pta 
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infusion of hay (14 per cent) is bene&cial ; broth (8 per cent) had 
no effect 2 per cent of urine increased the lime required for 
oxidation five times, iron salts assist the process. " The nitrite 
is mucii more sensitive Ihan the nitrate bacterium to nitrogenous 
substances such as peptone and aspaiagin. The more complex, 
unstable, and for most microbes the more assimilable the 
substance, the more injurious is its effect on nitric organisms." 

(d) Darkness and free admission of air. 

In natural soil, Warington proved that nitrification rapidly 
diminishes after 3 feet, and that there is no nitrification below 6 
feet Thudichum states that the maximum limit of depth for the 
best results from filter beds is 3 feet to 3^ feet. " Beds have 
worked well at 4 feet to 5 feet, but the alteration of a bed from 
3| feet to 5 feet was accompanied by some reduction in the 
quality of the effluent" 

Here I may incidentally draw attention to a curious fact In 
nearly all published analyses, the chloride in the effluent is slightly 
lower than that in the corresponding sewage. Miintz pointed out 
that in nitrification, bromides and iodides were oxidized to 
bromates and iodates. Chili saltpetre, nitrate of soda, which has 
been produced by natural nitrification, often contains a small per- 
centage of perchlorates. Dr. Tidy, some 20 years ago. found a 
loss of chloride in waters running over aerating wooden shelves, 
and suggested that it migiit be due to the formation of chlorates, 
I have not yet been able to find them in effluents. 

Both in nitrification and in the fermenlations producing 
organic acids, carbonates of lime and magnesia and other earthy 
salts may be dissolved, the former with liberation of CO^ ; in 
both cases the mineral matters in solution will be increased. 
Dibdin's averages of the " fixed dissolved solids " at Exeter in 
1897 were in parts per 100,000 : raw sewage 200, tank effluent 
230, filtrate 290. Such reactions ;ilso have a tendency to dis- 
integrate some filtering materials (see Chapter X.) 

At this stage an abundance of carbonic acid is formed by 
fermentations due to other classes of bacteria. I have found in 
several bacterial fillers intended to be aerating and final, such a 
large quantity of carbonic acid as must seriously retard their 
nitrifying action : the result bein^ a deficiency of nitrates in the 
effluent. Especially is this (he case where the final beds are made 
by a process often recommended for economy.- — that of simply 
fging out the clay to form a pit about three feet deep, and 



■ling it up with the same clay after burning. 
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Denitrificalion. This process has been largely investigated, I 
from the fact that io agricuhure it is a retrograde change^ 1 
involving great loss in the value of manure. But in the treat- 
ment of sewage it is capable of rapidly effecting a great amount | 
of purification. As early as i886 Gayon and Dupetil* investi- 
gated tiie change of nitrates with evolution of nitro[,en oxides 
and nitrogen gjs by the agency of bacteria. Two organisms 
were isolated from sewage, which, in the presence of organic 
malter, decomposed nitrates with production of nitrogen and 
nitrous o.xide. These authors state, that in a nitrated medium 
ihey were anaerobic, taking o.\ygen from the nitrate, and that in 
certain solutions as much as 9 grammes per litre of nitrate could 
be decomposed. By exact analysis of the evolved gases, and of 
the fermented liquids, the authors show that the whole of the 
nitrogen of the nitrate is evolved as gas, and that its oxygen 
combines with the carbon of the organic matter to form CO3, 
a portion of which may be evolved as gas, while the remainder 
combines with the base to form an acid carbonate. Organic 
malter is essential to the reaction, " i grm, KNO^ requires 
I C or 0-273 grm, of albuminoid matter for its complete 
decomposition," The N + N^O-fCO^ account for all the nitro- 
gen and carbon, and for the available oxygen of tlie nitrate. 
The denitrifying bacteria will not develop in liquid deprived 
of nitrate and oul of contact with air. nor will they attack 
organic matter under these circumstances. The authors further 
proved denitrification to be a fermentation which consists in 
the direct burning up of organic carbon at the expense of the 
oxygen of a nitrate.f 

Ampolla and Ulpiani, in i8q8,J describe two bacteria which 
act similarly, giving, as they state, complete decomposit'on of 
the organic matter and nitrate to CO^ and N. witho'it inter- 
mediate production of nitrite Sugars, fatty and amido-acids 
e equally broken up. thus : — 

5 C„H^O, + 24 NaNOa = 24 NaHCO^ + e C0^ + 
18 HaO-l-12 N, 

• Slaliim Ajjronomique le Rordeaui, 1886 

1 of ihe ■■ avflilable oxveen," pn 16 anrl iii, is siipporled hy 

at a larKE niimtier of bacteria can Transfer niyeen ax freely 

from nilratenas frOTTi air Pakes anH lollyman (J Chem Soc , March, 1901, 
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Thus 5 of oxygen are utilized instead of 4, as in the production 
of NjO. This is an even greater utilization of the " available 
oxygen," and the reason why an effluent that has been properly 
fermented and heavily nitrated is capable of rapid self-purifica- 
tion, and also of improving the condition of a river into which 
it may be discharged. 

Adeney, in fact, introduced a process in which he added 
nitrate of soda at the third stage to accomplish by denitrification 
the final removal of any organic matter present. 

As we have seen that the effluent can be naturally nitrified by 
properly constructed filters, the expense of an artificial supply is 
not required. 

Hugounenq and Doyon* observed that B. colt communis under 
favourable circumstances decomposes nitrates, setting free nitro- 
gen and utilizing the oxygen. Warington proved at Rothamsted 
that the loss of nitrogen from manure increased in proportion to 
the fermentable organic matter.f 

Burri and Stutzer observed that their B. denitniicans II. 
liberated 90 per cent, of the nitric nitrogen from Giltay's solution 
as free N, Giltay himself obtained 80 per cent. Stutzer as much 
as 989 to 99-6 ; a certain amount of the nitric N being converted 
into organic N in the protoplasm, etc. A considerable amount 
of COj, and some H, was produced. The organisms could 
thrive without air, but seemed to require air when they first began 
to develop. 

The disappearance of nitrates from sewage filtrates is illus- 
trated by the following experiments : — 

Nine volumes of a hydrolysed effluent from a closed tank, 
free from either nitrite or nitrate, were mixed with one volume of 
a coke-breeze filtrate containing 4-34 parts per 100,000 of N 
as nitrate, and no nitrite, and the mixture kept out of contact 
with air for five days at 1 5" C. By this time the whole of the 
nitric nitrogen, amounting to 0434 parts in the mixture, had 
disappeared, zvitkout the formaiion of cither nitrite or free nitro- 
gen. The same liquid afterwards in a vessel partially full and 
exposed to light yielded nitrites in abundance. In other experi- 
ments I found that the loss of organic nitrogen was not accounted 
for by the production of either nitric acid, ammonia, or nitrogen 
gas. Referring to the table (p, joo) it will be seen that nitrous 

• An^. Cirw P*yi . 1S98, wii . 45 

t y. Soy A(r S«t. EHg . 1897. Ill,, viii,, 377. 
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and nitric oxides. N^O and N^Oa, remain as reduction 
products of the nitrates. Gayon and others have observed 
the production of nilrous oxide, which being soluble and neutral 
has no doubt often been overlooked. The rapid production 
of niiriU on exposure to air appears to indicate also the 
presence of mlTu oxide. Percj' Frankland also found that a 
common water organism, B. aquatilis, which does not form 
nitrites, yet in its growth caused a considerable disappearance of 
nitric nitrogen.' 

Another form of denitri&cation is the reduction of nitrate to 
nitrite. This, as effected by bacteria was &rst shown in 1875, by 
Meusel.t who found that well-water containing nitrates on 
standing soon developed a reaction for nitrites — a chan;;e that 
was prevented by sterilization, or by certain antiseptics. The 
importance of the reaction was first insisted on by Wagner, of 
Darmstadt 

Percy FranklandJ gives the following list of 32 species that 
he examined : 

I. Reducing nitrate to nitrite. — (Strongly) — Bacillus ramosus, 
violaceus, vermicularis, liguidus, cereus, pestifer, plicatus, fro- 
digiosus, cMorinus, citreus. 

(Slightly), — B. nubilus. luircsceiis, fiitorescens. aureus, pro- 
fusus; Micrococcus carnicolor, rosaceus (very slight). 

II. Not reducing nitrate to nitrite. — B. viscosus. arborescens, - 
auratttiacus, subtilis,^ aqualilis, Icevis, polymorphus ; Sarcina \ 
aurantiaca, lutea, liquefaciens ; Streptococcus Uquefaciens ; 
Micrococcus gigas. albus, candicam, ckryseus. 

• Ckim. Soc. Trans., 1888. 391. 

t Btmhti. viii.. 1*15. 

; he. at.. 372. 
See also on ihe same sut>]ect : 

Halton, Chem. Soc Trans.. 1861. 166 el seq. 

Gayon and Dupetit, Bittlhli. 1881, xv , 3736! Anaerobic 

.1 ,. 1883, ivi 2jif orRanisms, 

D^h«ram & Maqucnne .. 1881, xv . 3081. B. bulyrkua 

It. Waringion, Chim. Soe. Trans, \ Organisms 

Munro. 1886,631? generally 

Heraeua, i^rils f. Hyg.. raS6, 193. Pure culicvalions 

J Slocklasa (CA*ni Cenfraltlatt. 1899. ii., 13J) slates that S. jnifiHi 
nitrates into QilHles. and that B mtgatkninm converts ihem into nitt 
ammonia. Houston stales that " Several varieties of B. sithlitis occur In : 
(.I..C C. 2nd Rfpart. 1699) 
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His chief conclusions were : — 

1. The chemical behaviour of the organisms mentioned was 
the same, whether air was present or excluded. 

2. None of the organisms examined could either * produce 
ammonia from nitrate, or oxidize ammonia to nitric acid. 

3. The difference in reducing power gives a valuable distinc- 
tion between otherwise very similar species. 

Remarking on the common observation that the denitri- 
fying organisms are mostly derived from straw, and are nourished 
specially by the gummy matters of straw and other vegetable 
fibre, R. Warington, in Rothamsted experiments, ♦ states that 
his results in cultivation did not bear out the conclusion that 
(wheat) straw promoted denitrification. Probably this is ex- 
plained by the observation of Matz and Wagner-j- that as 
** humi&cation " proceeds, the power of destroying nitrates 
diminishes. W. Kruger and Schneidewind attribute the action of 
straw to the pentosans present, while sugars, glycerol, citrates, 
malates, etc., also promote the activity of denitrifying organisms, 
as well as excess of moisture (as in sewage), and a high 
temperature. J 

Th. PfeifferS shows that denitriiication can only take place in 
presence of particles of straw, faces or vegetable tissue >^hich 
act as food to the denitrifying organisms, and considers their 
chief food substance to be xylane, or wood-gum, C^Hj^Og; 
isomeric with cellulose but soluble in alkalies, therefore removed 
by the first alkaline fermentation. This is an additional fact, 
explain'ng why the sewaj:^e should be properly fermented before 
enterin" the fiml nitrifying filters. ;| 

Amnolla and l^lpinni •: modify Weissenberg*s classification of 
d'^nitrifyin-^ bacteria so as to arrnns^e them under three heads: 
( ) Those wh'ch destroy nitrites, bit not n'trates n-^irely Bac- 
tenuvt dcni trifle (ins I. of Burri and Stutzer. (2) Those 
destroying nitrates but not nitrites — Bacillus pyocyaneus and 

• J. /?.»v. igr. 5.f 1897. in . viii . 577. 

f L'tndw VniMck^'Stitt.. 1897 xlviii . 247. 

♦ LjhJt fjkib . iJ^)9. 217. Dr. Husjo \Veiss«*nher5 has also some elaborate 
studies on Denitrification in the Archit\ f. Hvgtfnf, 1897. xxx.. 3. 

^DfHt LtttJ-p, Pre%ii. 1897 gn : also | Stix:kl.\sa. Bit4 Crntr . 1899. xxvH.. 707 ; 
Stutzer ani Hartleb. ibid. 1900, xxix.. 126: Jensen. Cetitt. Bakt . iw. 401. 

i| See LC.C Rtf^rt, chapter ix . f-asi. 

^ Gtfx. Ckim., 1899, xxk., i, 49. 
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" Bacterium denilrificans V." [and also many of those already 
quoted from Percy Frankland]. (3) Other denitrifying bacteria 
which destroy both nitrites and nitrates. From Adeney's and 
other researches, these are not common, though among them 
would seem to be B. fiuorrscens Itqnefdciens' B. pyocynnetis and 
Vibrio deniltiiuans^ ; they rapidly produce N and perhaps N 
oxides in presence of much CO^, but are antagonized by abundant 
aeration. Jensen describes six others, J 

A large number of organisms found in sewage exert a distinct 
influence in bringing about nitrification, an influence not confined 
to the species specially described as "nitrifying," since many 
which grow rapidly and break up sewage material have the power 
of inducing or commencing this process if sufficient oxygen be 
present. 

In page 56 I have drawn attention to organisms of this kind 
isolated by Dr. Sims Woodhead from Exeter sewage. These 
had been separated by plate cultivation in gelatine, therefore 
the ordinary nitrifying organism, which will not grow in gelatine, 
could not have been concerned, 

Houston, in the L.C.C. Report, iSpg, records ; — 

B. coli communis. In 24 hours at 37°C., reduction of nitrates 
to nitrites well marked (broth 5%, potassium nitrate 0'1%, water 

B. mesenteric us. 

Sewage variety E. Great reduction of nitrates to nitrites in 

24 hours at 17°C. 
Sewage variety I. No reduction of nitrates, showing the 
value of the nitrite test for diagnosis. 
Dr. Houston also gives B, frondosus fusiformis as negative, B. 
membraneus palulus and B. capillareus as active in formation of 
nitrites from nitrates. 

The Massachusetts Report of iSgo Cp. 788), states that "an 
effluent from a sewage filler, where nitrification is complete, con- 
taining 2"^, of the total organic matter of the sewaee, will not 
serve as food for bacteria, because it has been worked over 
already by bacteria in the filter, nearly everything available 
having been remo\'ed." 

It is evident, however, from the above, that the denitrifying 
organisms in presence of nitrates can freely attack this residua! 
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organic matter, and that after partial nitrification in a filter, the 
action of these bacteria, which absolutely require a certain 
amount of organic food, converts it into carbonic acid and 
harmless gases, such as nitrogen and nitrous oxide, taking their 
oxygen from the nitrates dissolved in the water. I refer later 
to the CO3 evolved in the " resting empty " stage of intermittent 
filtration. 

It has been shown in Chapter III. that the weight of dissolved 
oxygen in well-aerated river water is approximately 1 part per 
100,000. The oxygen-consumed figure in a sewage or effluent 
will therefore indicate the minimum quantity of river water alone 
necessary to supply the oxygen required to destroy the organic 
matter. In raw sewages this may amount to as much as 20 
volumes. In the raw sewages yielding the effluents referred to 
in the table below, the oxygen-consumed figure was as follows, 
in parts per ioo,ooot — 
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The " available oxygen " is that present as nitrate or nitrite, 
and the amount of carbonaceous matter requiring destruction is 
measured by the ordinary figure of " oxygen consumed " as deter- 
mined by permanganate, since after four hours heating with 
permanganate no dangerous matter can be left The table shows 
that the available oxygen as nitrates and nitrites is in good efflu- 
ents quite sufficient to deal with the organic matter, even without 
help from the oxygen dissolved in river water. A large number of 
the published analyses of effluents are vitiated by the fact that 
the samples have not been analysed until some days after collec- 
tion, frequently at the end of a long transit by rail or other 
conveyance, during which the agitation and inevitable con- 
tact with air will have considerably altered the composition 
in a favourable sense. It is, therefore, desirable, wherever possi- 
ble, to analyse an effluent within a very brief time from its 
collection, and the more important determinations should be made 
on the spot within a few minutes of the discharge. Although 
this is undoubtedly the only fair procedure, such analyses are 
not of course comparable with those carried out under the usual 
conditions which give an apparently higher quality to the effluent, 
but they demonstrate the existence of the rapid and beneficial 
improvement in some effluents which I consider, with Adeney, 
one of the main criteria of safety. 
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or Ashes— Trenching— Organisms in Soils- Suilable Crops — Transpiralion 
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FuiTow—Caich water— Intermittent Irrigatioti wiihUnilerdrainage- Merlhjr 
Tydvil -Calculation of Dilution by Subsoil Water -Irrigation with Frevious 
Treatment — Areas required ^General Aspects of I^nd Treatment. 

A PARTIAi- return to the primitive method of earth -disposal was 
seen in the adoption of various systems of irrigation. These 
arrange themselves in three great divisions : 

I. Broad Irngalioii, defined by the Roya! Commission on 
Metropolitan Sewage Discharge as "the distribution of sewage 
over a large surface of ordinary agricultural land, having in view 
a maximum growth of vegetatio:i (consistent with due purifica- 
tion) for the amount of sewage supplied." 

II. Irrigation tvith Copious Undfrdrainage, classified by the 
same Commission as "Filtration." and defined as "the con- 
centration of sewage, at short intervals, on an area of spedally 
chosen porous ground, as small as will absorb and cleanse it ; not 
excluding vegetation, but making the produce of secondary 
importance. The intermittency of application is a sine qud uon 
even in suitably constituted soils, wherever complete success is 
aimed at." 

III. Mixed Systems, including previous Sedimentation or 
Chemical Preparation. 

It will be convenient to call these shortly the broad, the 
intermittent, and the mixed systems of irrigation. All of them 
are popularly known as " sewa^'e farm " schemes, and are jointly 
saddled with the following difficulties -.^ 

(l). The uns itabtlily of the only land often attainable. 

(3), Local op'xisition, and the very high prices generally 
demanded for the area. 

(3), The failure, under these conditions, of making the sale of 
the produce remunerative 

Therefore, in a larp-e number of rases it has been fo"nd im^ 
ross-ble to dis ose satisfactorily of sewage by im'rration methods. 
j Id anv of these systems, according to Bailey Denton. 
Lland chosen should be so sitnated in relation to the town that 
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sewage should flow to it by gravitation, pumping being costly 
and greatly reducing any profits that may arise. The rent to be 
given should not exceed £2 los. pei acre." 

Broad hrigalion. — This method requires a very large extent 
of land (estimated officially as one acre per lOO of population), 
since it chiefly dejiends on the surface for purification, and on the 
action especially of the nitrifying organisms, which, as we have 
seen, require air, and therefore do not work well in the depth, 
disappearing altogether at a certain distance below the surface 
R. Warington tested for nitrifying bacteria in the heavy soil at 
Rothamsted by their power of nitrifying weak urine. Out of 39 
samples taken at various depths down to 3 feet, all but one were 
active ; at 5 feel, half were inert, and below 6 feet the organisms 
seemed to be absent. He concluded that the action only 
extended to 18 inches in clay, though to a greater depth in sand, 
and that, besides (he scanty aeration, the deficiency of phosphates 
in the lower layers adversely affected nitrification. The same 
soil which rapidly nitrified when in a moist, aerated condition. 
became a vigorous denitrifying medium when water-logged. 
Dr. Sims Woodliead* points out that in soil very near the 
surface the numlier of anaerobic organisms as compared with 
aerobic was found to be comparatively small ; deeper down the 
proportion of anaerobes was much larger, " until we come to a 
layer in which practically only anaerobic bacteria are found, 
while deeper still there may be no organisms of any kind." 

For these reasons the sewage is preferably made to pass 
obliquely, by digging deep trenches at the lower end of the farm. 

When, owing to the geological structure of the ground, the 
liquid can rise again at a lower end as springs, the absence of the 
first nitration may be concealed by a second process occurring 
as it approaches the surface, approximating to the method of 
upward filtration 

Sanitarians are usually averse to any system which does not 
include subsoil drainage When, however, an area at a distance 
from habitations, with a porous soil 'especially under rice cultiva- 
tion, as in India) is available, broad irrigation may be applied, 
ditches and intercepting drains being provided, and all wells on 
the sewage area, or within a radius likely to be affected, being 
closed. 

As to the efficiency of soils, while it was originally held that 
the "cleansing power" of a soil was determined solely by 
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physical condition, porosity, freedom from clogging, water-retain- 
ing power, etc., at the present time we know that the chemical 
composition and bacterial efficiency modify the results. Thus Dr, 
Frankland in 1870, in reference to a soli from the sewage farm 
at Barking, says, " These highly remarkable results show that 
there are soils in which the process of nitrification either does 
not take place at all, or goes on with great difficulty." and with 
regard to a loam from Dursley in Gloucestershire he found that 
it surpassed all others experimented on in its power of purifying 
sewage, as it had a cleansing power of nearly 100,000 gallons per 
acre per day. Although at that time the chemical composition 
of the soil was believed to have no influence on the result, the 
Dursley soil above referred to contained as much as 81 per cent. 
of carbonate of lime, whereas thai at Barking contained under 
2 per cent, and we now know that the presence of carbonate of 
lime or of gypsum is favourable to the growth of the nitrifying 
organisms. 

In a recent inquiry in which alternative sites were available for 
a sewage farm I obtained the following results : 




Percentage of walcr 

Parts of nitric nitrogen produced per 
1OO.O0O parts of soil in j days on dilute 
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showing that the least water-logged soil, B, was also the most 
active bacteriological ly. With effluents which have been chemi- 
cally treated with lime, there may be sufficient alkaline base to 
favour the grovrth of the nitrifying organisms, even when the soil 
or the filter bed is devoid of such base. 

In an analysis of samples of soil from a sewage farm in Surr^, 
where the soil, a ferruginous sandstone, is very deficient in lime, 
the calcium carbonate had increased by the treatment of the 
land with sewage, and thereby the quality of the effluent or 
■purification was increased. 
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Both a mechanical and chemical analysis of samples of soil 
necessary for judging as to the suitability of proposed sites 

The most unsuitable conditions are stiff tenacious clays, peaty 
or boggy ground, and coarse gravel with hard conglomerated 
layers. In India, where the temperature is higher, the growth 
continues for a longer lime in the year, and the sewage generally 
less voluminous than in England,* a less area per person is 
found requisite ; t!tus Jonest recommends at least i acre of good 
soil for soo persons at 15 gallons per head, while Prof. Robinson 
gives the average of English sewage farms as 149 people to each 
acre irrigated with 38 gallons of sewage per head per day. Even 
this is too small an allowance, as the Local Government Board 
prescribes for stiff clay i acre for every 25 persons, and for loamy 
gravel i acre for 100. 

At Madras, some 4 million gallons of sewage are now (January 
4th, 1901) daily disposed of on farms in various parts, and exten- 
sions of the drainage system are slowly being made. When 
completed, the whole sewage, amounting to 15 million gallons 
daily, is to be disposed of on a farm with sandy soil near the sea, 
where indefinite extension is possible. Nothing but successive 
crops of Ilarriali grass are at present grown on the farms by the 
contractor, and the annual payment by him is about 50.000 
rupees. The sewage has to travel from 3 to 6 miles, and a 
considerable amount of nitrification occurs in transit. 

The application of lime is found advantageous ; at Berlin, on a 
sand subsoil, i to 2^ tons of "waste lime" per acre have been 
spread with benefit o\'er fields previously drenched wi'h sewage. 
For clay, ashes from the town refuse are dug or ploughed in. 
Deep steam ploughing and even subsoiling to turn in the sludge 
is at intervals necessary, sinre etude sewage discharged direct 
on land rapidly coats it with a felted layer of black decomposing 
matter, which hinders the access of oxygen, chokes the plants, 
and soon creates a nuisance. 

In broad irrigation there is always a risk that a portion of the 
raw sewage may escape wholly unpurified. On clayey soils the 
liquid passes almost entirely over the surface, but this, if a 
sufficient distance be given, has been found to effect a great 
purification, with, however, generally a nuisance. The mere deep 
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trenching of heavy soils, laying pipe drains, and filling up with 
ballast, etc.. results in an almost unoxidized and very impure 
effluent The same result occurs from the production of cracks 
in clay by drying, or from the fissures so common in chalk for- 
mations. A case occurred at Beverley,' in Yorkshire. The top 
layer of clay had become extensively cracked in the summer, 
allowing the raw irrigation sewage from the East Riding Lunatic 
Asylum to reach the chalk beneath, whence it travelled through 
fissures about half-a-mile to a deep well that was a portion of the 
water supply of Beverley. 

According to experience at Stretford Sewage farm, on the 
Mersey and Irwell watershed, the drains should be laid in parallel 
lines not in herring-bone fashion. 

r" On sewage farms, worms and rats occasionally are a source of 
great irouble and annoyance by their burrowing, especially \vher<; 
the drains are shallow, causing small holes which allow the sewage 
10 get into ihe drains without having been filtered through the land, 
and thus a bad effluent is the result. In dealing with an infected 
worm area, of which we have had numerous experiences, we pump 
the very strongest sewage we can from the bottom of the tank, and 
on some occasions, previous to dosing ihe land with strong sewage, 
have ^unk down to the drains and temporarily blocked them up. 



have ^ 

and have thus been so far successful in killing them that the land 
has again continued to produce as good an effluent as before. The 
worms do not die in their holes, but come to the surface. They 
have caused an imperfect effluent even when the drains have been 
as much as 45^ft. in depth." 
Dr. Houston has counted the number of bacteria and spores 
present in 21 different soils. Among them he finds — 

Organism! 
ft' sximmi ^1 toil 

T. Sandy soil near the sea 

2, Suburban garden soil, not recently manured ... 

3, Dark garden soil, manured six months previous 

4, Light-colored soil, not recently manured or 

disturbed 

5 Black loamy soil, occasionally having farmyard 
manure 

6. Rich heavy clay, periodically manured 

7. No. y above, after recent manuring 

8. Garden soil treated with human faeces and urine 
for six months previous 

, Sewage field^ — from a trench along which sew- 
age had been running a short time before 115,000,000 



8,000 
518,000 

7Q5,ooo 

T ,Ot, 1 ,000 

1.084.000 
2,531,000 
3,308.000 

26,780.000 



* For another iltiiBtration on sandy loil, b«« Chnpidr t . p ro. 
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Virgin soils did not contain B. colt communis or its allies. 

Dr. Sidney Martin has investigated the vitality of B. typkosi 
in soils. He proved that while in virgin soils it attenuates, and 
after a short time disappears, in those which contain large quanti- 
ties of organic matter, particularly from sewage, it will multiply 
even through e.\treines of heat and cold (from 37° to 3° C). and 
under conditions of dryness, and will survive for at least 450 days 
alone, or 50 days in presence of other bacteria. 

It will, therefore, be seen that although, as pointed out else- 
where, no injury to health has been directly attributed to sewage 
farms, the possibility of the survival or even the multiplication of 
pathogenic organisms on such faims must be taken into account 
when the drainage waters pass into or near drinking-water 
supplies. 



I 

and I 



Suitable Crops- 



On a sewage farm the conditions are different from those o! 
ordinary agriculture, inasmuch as although the liquid undoubt- 
edly contains the elements of plant food they are supplied too 
continuously and in too great dilution with water, while the 
volume is usually greatest at a season when it is absolutely 
injurious to crops. Therefore for successful cultivation the 
plants must only receive the sewage as they want it, the remainder 
being treated by other methods. It is also necessary that the plants 
should be of such a character as can be grown on a ridge so as to 
prevent the liquid at any time flooding their growing' tops. 

Deh^rain" has determined the quantity of water exhaled in 
one hour by certain growing leaves exposed to the sun 



i 



Plant 


Temperature 
of the Air 


Weight of water transpired by ■ 
100 ports of leaves. ^ 


CoI» 


25" f- 


] 
'■3 


•'5 




Ditto 


360 


110 






Wheal 


(!t: 


IXX 


71.8 


1 


Ry= 


36" 


loo- 


99 


'"1 



4 



Therefore in one hour a yoimg leaf of a cereal evolves aboiit its 
own weight of water. 
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of about 5SOO gallons per acre per day, and the effluent 1 
would have satis&ed the requirements of our Rivers Pollution i 
("omniissioners." 

Some statistics of Sewage Farms as published in 1896 i 
given on p. 1 20. 

Systems of Distribution. 

I. Ridge and Fiirroiv. — Flat and heavy soils are laid in 
ridges 40ft apart, sloping 20ft. on either side, at an incline of 1 in 
30 to I in 150, to furrows in the centre. From a transverse main 
carrier at the upper end, the sewage passes into distributing 
channels on the ridges, whence it flows in a uniform layer down 
ihe slopes, any not absorbed running from the furrows into a 
lower plot. The distributing channels (with the ridges) have a 
longitudinal slope of I in 600 to 1 in 300. The main carriers 
must \k lined ; the channels may be dug in the soil. 

In places where the soil is sufficiently porous, the land is laid 
out in a different way, the sewage being fed along the furrows 
wilh the vegetation on the ridges, and the underdrains between, 
so that the liquid reaches the roots from undemeatii, the excess 
passing laterally to the drains. This method seems lo be recog- 




nised as the best for avoiding water-logging, "sewage 
sickening," and other evils of sewage- farming by broad irriga- 
tion. It must be remembered that the reliance is here on the 
filtering qualities of the soil, the plants playing a subordinate 
part in utilizing the nitrogen of the soil afterwards. 

At Paris, a portion of the city sewage is treated in this way at 
Gennevilliers and Ach^res At the former the soil is sand mixed 
with clay, and the crops are various, but chiefly vegetables, with 
also fruit irees. flowers, and some meadow land. The irrigation 
is managed by flooding at intervals, the vegetables growing on 
• I'-ci- /««, C.E. vol. xhv 
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ridges as described above Part is worked by private lessees, and 
part by liie State, and the results seem to have been satisfactory 
until lately, when, owing to the increase of population and greater 
volume of sewage, complaints have been made lo the municipality 
of flooding and nuisance. For a number of years experiments 
have been conducted at Gennevitliers and Acheres to ascertain 
the amount of sewage that may be applied to land without in- 
juring the crops. It is stated that 144,000 cub. metres per hectare 
(13 million gallons per acre) annually may be turned on a field 
of lucerne and 170,000 (15 millions per acre) on meadow land. 
These figures are far in excess of anything hitherto accomplished 
in regular daily work. 

Bechmann states that the experiments at the model garden of 
Gennevilliers show that from 80 to 130 thousand cubic metres 
of sewage per hectare (7 to 1 i-J million gallons per acre) annually 
can he applied witliotit prejudice to the success of the crops or 
the purification of the sewage. The lowest of these figures is 
equal to 20,000 gallons per acre per 24 hours ; the Berlin farms 
(see table) only take 2730. It must be remembered that in cases 
where such large quantities are supplied, frequently after a time 
I the land becomes " sick," and great nuisance has been occasioned. 
During 1900, the Gennevilliers farm of 900 hectares received 
54,323,620 cubic metres of sewage, equal to about 14,500 gallons 
I per acre per 24 hours. On a report of M. Launay, who is known 
as an advocate of the " tout a I'egout " system, it has been 
decided to experiment with the English bacterial methods on the 
Paris sewage, which is organically stronger than the average met 
with in England. At the same time it is contemplated to extend 
the irrigation area. 

At Milan the sewers join in a canal, the Vettabia, which dis- 
charges into about 4000 acres of land arranv^ed in terraces, the 
final effluent falling into the river about ten miles below the city. 
The proportion of sewage applied is calculated as that of 4c 
persons per acre of land. 

At Dantzig, Breslau, and other places on the continent, sewage 
farms are also at work, but almost invariably on light soil. 

3. Calchwaltr, — ^On irregular ground, an upper main carrier 
s made 1 to 2 feel wide and 6 to 10 inches deep. The sewage 
I overflows from it at any point by temporarily damming, and 
I after spreading over the ground, the excess collects in a lower 
1^ catchwater gutter made to the contour of the land, from which it 
. is dammed and released on the same principle. This method ' 
I requires much control. 
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There ts 'evidence that growing plants, especially of certain 
species, are capable to a certain extent of absorbing, and using 
for tlieir food, the organic and ammoniacal constituents of raw 
sewage. By means of the numerous enzymes secreted by plants 
they are able to dissolve and utilize the organic suspended matter. 
But under ordinary circumstances, vegetation absorbs most of its 
carbon from the air. and its nitrogen from nitrates, and requires 
its food to be well prepared before it can assimilate it. Especi- 
ally does excess of ammonia act unfavourably. S. Cloetz found 
that 10 parts of ammonia in 100,000 (a strength not uncommon 
in sewage) was injurious. 

D^herain* states that salts of ammonia act most unfavourably 
on vegetation, and that soils which had received a dose of them 
" un peu forte" remained sterile for several years. 

In the ditches conveying sewage that used to be so common, 
and even in the open drains from cottages, it is notired that the 
channel remains black and barren till the sludgy solids have 
had *jme to deposit or become fennentcd, and the soil to reassert 
its action, when the liquid clears and loses its odour, and a 
copious growth of vegetation arises. Therefore, in cottage 
gardens and allotments, the sewage is not applied to the ground 
till it has been dissolved and fermented in pits or cesspools. 
Such a process, when scattered over a neighbourhood, is sure to 
create a nuisance, but carefully managed, and conducted collec- 
tively in special large areas, it has proved to be fairly successful, 
as Dr. Poore describes. 

The main faults of irrigation witli raw sewage are, therefore — 

(a). Choking and felting of the surface by organic slime. 

(A). A surplus of unprepared organic matter, and of ammonia, 
over the wants of the plants, 

(c). In consequence of the above, a deficiency of oxygen and 
of healthy action in the body of the soil. 

f(/J. Great inconstancy owing to season, temperature, and 
cultivation. 

The faults (S) and (c) are avoided to a certain extent by the 
second system, that of — 

II. Interniietenl hrigalion wM Copious Under -drainage, 
which is really using the land as a partially regulated bacterial 
tank and filter. If properly arranged, the drains act also as 
aerators, so that the soil is more thoroughly supplied with oxygen, 
allowing nitrification to proceed more actively, and to greater 
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depths. At Merthyr Tydvil, in 1871, " twenty acres of a porous 
soil drained from 5 to 7 ft. deep, were arranged by Mr. Bailey 
Denton in four scries of beds ; and over each series in succession 
tlie drainage water from 50,000 inhabitants, more than one-third 
of whom were connected with the sewers, was poured for six 



hours at a time." by the ridge-and- furrow systen 


. with 


ntervals 


of 18 hours per day for rest and aeration, crops of cabbages being 


grown. The works were designed to realize on a large scale ^^1 


the experiments of Sir E, Frankland in the laboratory of the ^^H 


Royal Commission. It is reported that the crops at Merthyr ^^^| 


were healthy and luxuriant, and were valued, in i8?2. at ^"42 to ^^H 


L jC45 per acre, also that no nuisance had arisen. As to the * 


1 effluents, from the analyses made by Sir E. Frankland. in 1871-2 


f 1 have calculated the following averages, adding also his 1 
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It is important to notice that in the use of land by any system 
there is always a variable dilution with rain and subsoil water, so 
that the improvement effected by soil, as indicated by the quality 
of sewage and effluent, would appear to be greater tlian it is, 
unless we take this feature into account. Frankland* applies 
the formula 



" in which «, i, and 1 represent the amount of chlorine in 100,000 
parts of sewage, subsoil water, and effluent respectively, and x 
the required volume of the subsoil water which has thus become 
commingled witli each volume of the original sewage." Calcu- 

■ linftitmiHtal Iffsrarckis, p 76J. 
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from his results, he finds that each gallon of the sewage 
become mixed with from ig to 2-2 gallons of subsoil water. 
His figures, therefore, show that the sewage has undergone dilu 
tion with more than its volume of subsoil water, and probably 
with some rain, as the mean dissolved solids of the sewage 
and subsoil water are about the same as those in the effluent, 
while the chlorins in the effluent is less than half that in the 
sewage. But even with this allowance the result justifies 
Frankland's statement that " the effluent water on all occa- 
sions was purified to an extent much beyond that required 
by the standards of pollution suggested by us as those below 
which refuse liquids should not be permitted to enter rivers." 
The analyses are of further interest at the present time, as we can 
see from them that ; — 

The reduction of the total nitrogen by about 75 per cent, 
(making allowance for dilution), is not accounted for by the 
somewhat meagre production of nitrate and nitrite. 

Since Ihe sewage "gradually sank into the soil as it flowed," 
this improvement can only be partially due to volatilization of 
free ammonia, of which soils, as is known, are very retentive. 

The large reduction in organic nitrogen was doubtlessly 
occasioned in part, at first, by its absorption by the soil, but as 
the analyses extended over nearly a year and a half, and the later 
ones showed the same changes, this mechanical absorptive action 
is of minor importance. 

The explanation is to be found in the life of the bacteria grow- 
ing in the soil, and acting by the process described elsewhere as 
denitrifiea/ion, in which a large quantity of free nitrogen and 
lower oxides of nitrogen is generated from both ammonia and 
organic matter, and evolved as gas. In fact, the whole process, 
instead of being, as it was considered at the time, partly 
mechanical and partly chemical, was in its essence bacterial. 

Frankland. however, as he admitted, was dealing with an 
exceptionally weak sewage, and over-estimated the efficiency of 
the process when he stated that " the application of the sewage 
of more than 1000 persons to an acre of land is consistent with 
the growth of crops and a superabundant purification of the 
effluent water, and that the sewage of a much larger number could 
be effectually purified on an acre if ilie growth of crops were 
given up." The Local Government Board, on the other hand, 
prescribes " for intermiilent filtration without precipitati 
through sandy gravel, one acre for every lOO to 300 persons." 
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SEWAGE AND ITS PURIFICATION 

Experience has not shown any danger to health either from 
sewage farms or their produce. 

III. hrigalion with Filtration or Pr^cipitathn.^-From the 
faults and difficulties we have mentioned it is rare for any sewage 
system to depend on the land solely. Even in the Merthyr 
Tydvil trials a previous treatment with lime was used. Bailey 
Denton says that " the sewage should invariably be passed in lis 
crude state through a simple filter composed of gravel, coke, 
broken ballast, or some other suitable material, before being 
applied to the land," Such a " roughing filter " is almost 
universally used, and often by itself effects considerable bacterial 
improvement in proportion to the time the liquid remains in 
contact, although its functions are primarily to strain off the 
solids. 

At Leicester, according to Mr. Mawbey.' they succeeded in 
dealing with the sewage by broad irrigation on clay land by 
first clarifying it by coarse banks of clinker of 3 to 2 inch size 
from the refuse destructor, but a bacterial scheme is now under 
consideration. 

In April. 1900, Mr. Mawbey issued his report on experiments 
at Leicester. The trials had been of limited scope and open to 
some objections, but under local conditions he considered he had 
obtained the best results by passing the raw sewage through (l) 
a "closed detritus tank." (3) "clarifying bacteria beds, single 
contact and three fillings a day," followed by one application to 
old pasture. 

It must always be remembered that the solids are an integral 
part of sewage, and that their removal, entirely, or in part, by any 
system of straining, settlement, precipitation or filtration, is only 
an evasion of the main question, and results in the production of 
a "sludge" which has to be separately treated 

Precipitation, if the effluent is afterwards to be applied to land, 
must not involve the use of any chemicals which may cause 
injury to vec;ctation. Iron and aluminium salts, such as alumino- 
ferric, if followed by lime, give a much-purified efHuent which 
has proved to be innocent in agrinilture, although both this, and 
simple sedimentation or filtration, remove from the liquid some 
of the constituents which, when properly fermented, are capable 
of assimilation by plants, and also, along with the suspended 
solids, many of the bacteria which effecl these rhanges 

• Snciely nt Kngineir^, Pec . i8i)8 
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In 1893, the President of the Local Government Board stated 
that it has been thp practice of the Board " to decline to sanction 
a loan for any scheme of sewerage or sewage disposal unless 
it provides that the sewage shall be purified by being passed 
through the land before being discharged inlo a river or stream 
to which the Rivers Pollution Prevention Acts apply. Th^ 
consider that the requirements of those Acts would be contra- 
vened unless the sewage is so pun&ed. 

"The Board are fully aware that by means of chemical and 
mechanical treatment very much may now be done to aid in the 
purification of the sewage, and they therefore approve of a very 
much less area of land being provided when the Authority pro- 
pose to adopt such treatment ; but lAey are now of opinion thai 
these means alone, without the passing of the sewage through 
land, are insufficient. Delay has in some cases been occasioned 
where sanctions to loans have been withheld pending arrange- 
ments being made for the acquisition of land." This is practically 
the present view of the Board, and the appointment of the Royal 
Commission in 1898, was mainly due to the strong opposition of 
many of the more important local authorities lo this rigid view 
on the question of final land treatment. 

The areas of land that have thus, in the past, been officially 
demanded in England for the purification of sewage according 
to the process adopted, are as follows ; it must, however, be 
remembered that a much less amount is often used successfully 
with proper management and care, and on the other hand local 
conditions may even demand larger quantities. 

POPTJLATION PER ACRE OK LAND. 

1. Irrigation without precipitation — 

Stiff clay 1 acre for every 25 persons 

Loamy gravel ,. i oo persons 

2. Intermittent filtration without precipitation — 

Sandy gravel ... 1 acre for every 100 to 300 persons 1 

3. Irrigation and precipitation^ — 

Clay r acre for every 200 persons 

Loamy gravel „ 400 persons 

4 Intermittent filtration and precipitation — 

Sandy gra\-el ... r acre for e\-ery 500 to 600 persons 

5, Precipitation and filtration through specially 

prepared filters, followed by irrigation — 

I acre for every 3,000 persons 



I 
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^^M In the construction of special filtration areas, the Local Govern- 

^^H menl Board at present require that provision shall be made for 

^^H (i) A rainfall and sewage calculated at three times the dry 

^^H weather flow. 

^^H (2) Above three times and up to six times to be treated on 

^^H a further special area of stonn water fitters, and not 

^^^H until the flow is above six times may it be discharged 

^^^B into a stream, or on to prepared land without passing 

^^^1 through the filters or other method of treatment. 

^^H (3) The capacity of the filters to be taken at one-third for 

^^H the Suid and twothirds for the filtering material. 

^^1 (4) A cycle of eight hours for filling, emptying, and rest for 

^^r It will be seen, therefore, that as land in most cases will receive 
the effluent before it passes into the natural drainage waters of 
the district, local conditions will in the future, as in the past, 
determine how it can best be utilized for this purpose. 

In any system of sewage- farming the difficulties of controlling 
the drainage area, so as to provide for the varying amounts and 
qualities of the sewage, will always exist. If the land be 
sufficiently porous and well drained to prevent its being water- 
logged and to allow the free passage of the efRuent during wet 
seasons, in dry weather it will permit it to run through too 
rapidly, and the effluent will not be purified. A denser-soil, 
adapted for ordinary weather, will be entirely clogged by unusual 

_ rains, and therefore unsuited for any broad irrigation scheme, 

^^L unless a very large area is available* 

^^H The strongest argument for sewage farms and irrigation must 

^^r always be the restoration to the land of the matter taken away 
I from it, without which there must be a continual impoverishment. 

This aspect of the question was recently brought into prominent 
notice by Sir. W, Crookes.t I point out in later chapters how. 
under graduated bacterial purification, an effluent containing 
practically all the nitrogen, phosphates, and other mineral 
constituents, is obtained in a condition suitable to be returned to 
the soil without loss, and available for plant life 

For the object of purification only, the insistence on final bnd 
treatment is decidedly a mistake, as where a proper process is 
used, no further purification will be necessary; indeed, in many 
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instances, as at Hampton, an originally good effluent suffers 
great deterioration by subsequent passage through land. In 
addition to the cost of purchase of land, and the difficulty of 
securing a suitable site, in many cases, as the sewage in passing 
through the filters falls 6 to 8 feet, the expense of pumping may 
have to be added. 
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C H APTR R V I I. I 

D CheH[Cal PiiBCiPiiATioN— Screens— Seining Tanks— Roughing 



r 

^^H Fillers — Clarification— Lime — AlumJniiim Sulphate— l-'erdc Sulphai 

^^^1 Ferrous Sulphate— AlumiiJo-ferric-Sludue ^ lis composilion. volume, ana 

^^^^1 disposal . 

Mechanical Sepmalion is used as an adjunct to many processes. 
The larger solid matters of sewage admit of a broad classifica- 
tion, according as they are mainly inorganic or organic. 

(t) Gril and detritus, small stones and sand, are carried down 
largely by sewers of steep gradient, or in periods of stomi 
I'nder the combined system, in which road sweepings, washings 
of land, etc., are included, they will be always present, but even 
under a separate system, intended to take only excretory and 
household waste, they cannot be entirely avoided. 

Being heavy, and almost entirely inorganic, they are removed 
by settlement without nuisance, since any entangled organic 
matter rapidly disintegrates as in gravel soil. In towns, a part 
is collected in the street gullies {p. 7), a further quantity in 
sumps in the line of the sewers, and the remainder in a grit 
chamber at the entrance of the sewage works Processes using 
mixing machinery require careful removal of hard matlers. 

(2) Organic Residues — vegetable, fasces, paper, fibres, wood. — 
These in great part float, owing to lightness, or to gases 
generated by fermentation. Their inclusion or exclusion 
constitutes a main difference, as we shall see further, between 
some modem methods of ultimate treatment. The question as 
to whether a sewage is dealt with strained, settled, or absolutely 
raw, is a matter of very great importance. 

Screening off the coarser solids is used in several places to 
prevent the clogging of fillers Gratings or meshes of different 
widths are employed, either cleared at intervals by hand labour ■ 
or continuously by various automatic contrivances. One of 
the most effective, formerly adopted at Sutton, consists of a 
revolving wire drum, rotated by a paddle wheel moved by the 
current of sewage. The amount of solid matter thus avoided in 
the Sutton treatment is not stated, but from the figures given at 
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Leeds it is estimated at 30 barrow loads per day per mil 
gallons. Taking a barrow load as ij to 2 cwt, this would total 
up to 2 or 3 tons per day per million gallons, of matter which 
consists mainly of paper, lumps of feces, and vegetable residues, 
requiring separate treatmeni. 

These screens should be in duplicate; some have been made 
with sharp edges to cut up the organic matter. 

For the interception of greasy floating matter, which is often 
a great difiicuUy, two systems are adopted, one of separation by 
grease traps, the other as at Nuneaton (part of Cosham's process) 
of breaking it up into an emulsion with lime or other materials 
for subsequent trealmenl. At Bradford, and other towns, where 
there is a large quantity of wool-scouring refuse, it has been 
suggested that the grease be extracted with sulphuric acid. 
afterwards using lime for neutralization, and other special 
methods are in use at Roubaix in France, and elsewhere, by which 
the fat, when extracted, can be utilized for making lanoline or 
soaps. (See Chap XII.) 

The grease from ordinary soap-suds does not seem to admit of 
profitable extraction, as the fat is so much contaminated with 
other organic matter. 

The amount of suspended matter in sewage is greatly influenced 
by its history before arrival at the works. Where the se\vers are 
long and have a varying gradient, much deposition and dissolv- 
ing may occur. When the sewage has to be raised to a higher 
level, the pumping causes some of the organic matter in suspen- 
sion to disintegrate, and thus renders it more easily 5ohible. 
Agitation with pulverization of the organic solids has been the 
subject of many patents. 

In the " Ives " patent (16724. 1894), the sewage, entering a 
circular screening chamber at a tangent, whirls the paper, excreta, 
and other solids against baffling plates, by which they are to a 
great extent comminuted. 

At Davyhulme. Manchester, according to the City Surveyor's 
Peport for 1897, the "ashes, clinker, sand, and other heavy 
insoluble matter brought down with the sewage" was up to that 
time deposited in the precipitation tanks, from which it had to 
be removed by manual labour at considerable cost. " The bulk 
of the insoluble material comes down in periods of flood — some- 
times as much as 303 tons are left in the tanks after one flood" 
To remove this difficulty, additional works were constructed. 
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comprising calch-pits in duplicate, with moveable coarse screens 
" to intercept large solids which might cause damage to the 
machinery," the screens being balanced by weights so that they 
could be raised for cleaning. Finer screens were fixed at the 
outlet, with mechanical rakes to keep them free from rubbish. 

A storm-water overflow was provided between the two sets of 
calch-pits for limes of flood, and penstocks for the diversion of 
the sewage through either set of strainers. 

The London sewage is screened through iron gratings " on 
account of the large amount of floating substances passing 
through." In 1897 it was stated that the quantity of solid matter 
extracted by the double set of gratings was between 80 and too 
tons per week, A destructor furnace built close by was used 
for destruction of the refuse. Screening is also mentioned at 
Friem Bamet. Oldham, Swinton (" strainer with cleaning rakes 
attached "), Glasgow (" wrought-iron grid to catcli heavy and 
floating matter "), Accrington (" screening chamber where detritus 
deposited, with wrought-iron grid to prevent floating and Inrge 
substances from passing into the precipitation tanks. A revolving 
fork arrangement cleans the screen by lifting tJie deposited 
material to the surface. The chamber has also a hopper dredger 
for removing the detritus that accumulates at the bottom "'). 
Kingston (" Native Guano process "). Launceston (" ferrozone and 
polarile"); in fact all places and systems except those with a 
preliminary hydrolytic tank find it necessary to separate the 
coarser org^inic matters mechanically. 

Rougfiing Fillers. — One of the most elaborate is Col. Waring's, 
used in the first stage of his systeui, as employed in the United I 
States. A ten-inch suction pump, running full-bore, delivers the 
solids and liquids on to a shallow bed of broken stone, divided 
by a vertical partition: when one side became choked the other 
was used. From this it passed into " strainers " of stones, pebbles, 
and coarse gravel. Although it is claimed that the " function of 
the strainers is merely mechanical sedimentation," they also per- 
form a bacterial office, as can be judged from his report. All 
materials used, stones, broken bricks, coal, ballast, or large coke. 
exert at first simply a mechanical action, but after a time develop 
coatings of organisms which greatly extend their effect. The 
Massachusetts Report stated that " with the gravels and sands, 
from the coarsest to the finest, we find that nitrification lakes 
place in all, when the quantity of sewage is adapted to their 
ability, and the surface is not allowed lo become clogged by 
organic matter to the exclusion of air." 
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Subsidence or Sedimentation. 

After any method of straining, sewage remains turbid from a 
large quantity of suspended matter. Its composition of course 
is variable, but frequently, as shown in ihe second chapter (p. 24), 
it contains about one third of the organic nitrogen and half the 
carbonaceous matter of the sewage. With turbid waters, and 
also to a certain extent with effluents and very weak sewages, it 
has been proved that settlement in reservoirs or tanks can bring 
about a great improvement But with raw sewages it is 
different, as their fermentation keeps the organic matter in 
suspension, and any prolonged storage in open receptacles 
creates a nuisance. The deposition has been aided and acceler- 
ated in various ways. Clay, ashes, or charcoal, llirown in and 
mixed, will settle down, ajid by entangling the solid impurities, 
will produce a clarified liquid. In fact, settling basins were 
formerly almost t!ie only means of clearing a strained sewage, 
the deposit being at intervals cleaned out and thrown on land, 
or even into the nearest ditch or watercourse. 

Numerous patents hrt\e licen taken out for slight variations 
in the use of blast-furnace slag, clay, or shale alone, either raw 
or burnt, with lime, peat, charcoal, coke, etc. 

Any system of separation of solid matter from sewage results 
in the formation of "sludge," which, in mechanical methods, 
is the greater in amount as the straining medium is finer. 
Wliatever material is added as a precipitant must also increase 
the volume. The great difficulty in dealing with sewage sludge 
is its bulk, containing as it does 92 to 98% of water. If it be 
tried to obtjiin it In a denser condition by longer deposition, 
obnoxious gases are certain to be produced. Where suitable 
land is available, the strained sludge is dug into the soil when 
sufficient earth is present to absorb the liquid. But this resource 
is liable to e.^haustion, and in most cases other means have to 
be resorted to. 

One of the suggestions for the utilization of sewage sludge was 
'■ for filling up low-lying land, putting its value at the lowest 
jjossible amount,"' It was not found, however, at all suitable for 
the purpose, owing to its density and wetness, its unsanitary 
character, and the large area of land required 

In iS36. following the apiilication of destructor fumiices at 
I Southampton and Ealing, a series of exijeriraenls were carried 
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out al Leyton and Cardiff, with the object of proving that it was 
possible to bum sludge remuneratively and witliout offence A 
certain amount of coal was of course used to dry the cake, the 
ammonia evolved was collected, and the volatile matters passed 
through the fire. It was claimed tliat the coke produced paid for 
the coal and working expenses, and that the nett cost of incinera- 
tion did not exceed sixpence per ton. 

Numerous similar inventions were put forward about the 
same time, founded on the hope that this material could be 
profitably utilized, either as ni.inure, or by chemically extracting 
some of its constituents. But it was found that the agricultural 
value was so disappointing; that farmers refused lo take it, while 
in any combustion process the water must Erst be removed by 
pressing and heat, so llial the cost of maihiner>- and fuel absorbed 
all the profits. 

Abandoning the idea of remunerative working, the next object 
\vMS to secure removal without nuisance, and the sludge was 
compressed in filter presses of various constructions to a cake 
containing 25 to 50 per cent, of water, sometimes previously 
mixed with lime or other substances to facilitate the pressing. 
The cost was still great, and the product nearly worthless. The 
following are analyses of two examples ; 





Native Guano Go's 
Sludge Manure, 
CrossneBs. 1872, 


Pressed Sludge Cake, 
Crossness, 18S6. 


Water 

Organic Mailer 

Allnline Salts 

(.:iirbonate of Lime and Maynesia. 

Phosphoric Acid 

Alumina and Oxide of li'.m 
Insoloblc silicioiis mailer 
Free Lime 


38-51 


58-06 
i6-6o 

7-94 

436 

«08 ' 

2-43 




.t»oo 


,00-00 


Total Nitrogen in liie organivl 
mattercalciilaled as Ammonia J 


0'93 


i-od 



In 1885 P. F. Frankland made a number of experiments on 
clarification, more especially with reference lo the removal of 
micro-organisms from water,* trying cltalk, animal charcoal, 
coke, s]>ongy iron, china clay, brirk-diist, plaster of Paris, 
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of manganese, etc. He proved that although suspended matter 
and organisms were at first carried down by the solid substances 
added, they arose again subsequently, and the organisms, espe- 
cially those which were motile, multiplied in the liquid- 

With a similar object, Kruger, in 1889," tried clay, chalk, 
infusorial earth, ignited alumina, brick, charcoal, coke, sand, 
magnesia and wood ashes, confirming previous conclusions. 

Therefore, at th; time when it was believed thai the object to be 
aimed at wiis the removal of micro-organisms, it was proved that 
mechanical clarification was unsatisfactory, as although it would 
remove the suspended inert solids, the process had little or no 
influence on the organic matter in solution. 

Chemical Clarikic.\iion or Precipitation. 

Lime, since the success of Clark's process for treating waters. 
has been very widely used for sewage, either alone or as an 
accompaniment to other precipitants. The Rivers Pollution 
Commission of 1868 made Iheir first experiments on tlie pre- 
cipitation of sewage with milk of lime atone, and pronounced it 
to be a failure, as. although the liquid was rendered clear, it was 
not sterilized, was rendered alkaline, ammonia was developed. 
and the whole rapidly became foul. Where Local Boards have 
used lime and sedimentation alone before discharge into rivers, 
a prosecution for nuisance has almost invariably followed. Yet, 
according to Mr. Mansergh's Report for 1899. the entire sewage 
of Sheffield, with 350.000 inhabilanis, passes to the works by 
gravitation and is there treated by lime, when, "after a short 
period of quiescence, the clarified water is run off from the top 
downwards by floating outlets, and after flowing in a thin layer 
over flat paved surfaces known as ' aerating weirs,' and through 
the tank formerly used as a coke filter, it passes into the Don 
below Jordan weir, 1000 yards dowTi stream The precipitated 
matter is swept out of the tanks at least three times daily into 
the sludge chambers, and pumped therefrom on to open sludge 
beds, where it remain.s until it becomes more or less portable by 
the evaporation and percolation of the moisture. It is then 
removed by rail and disposed of in the country." The result, as 
migh' he expected, is not satisfactory, and the bacterial tre;ilment 
is being considered 
I At Birmingham also the lime process has led to legal procted- 
B ■ Ztia-fUr llytimr. vn., M. , 
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ings, which alleged great [wllution of the river Tame. Col. 
Moore* slates that " In some cases J grain of chloride of lime 
(bleaching powder) \xr gallon has also been added with beneficial 
results, especially in !iot weather, in preventing tJie growth of 
fungus. The cost of the process has been found to be about 8d. 
per head of |x>pulalion per annum. The precipitants, howevi 
render the effluent alkahne, and ils discharge into rivers favours 
decomposition, and is very destructive to fish." 

Whatever be the cheapness of lime, therefore, it has not been 
found to be successful alone, but as an adjunct to other processes 
it is frequently of great use. and may be absolutely necessary 
in some cases where the sewage is strongly acid from trade 
effluents 

A good quality of lime is slaked, and then ground in a mortar 
mil! or lime mi-xer with a portion of the sewage or other water to 
an even cream. The quantity to be added must be regulated by 
the content of actual tree lime. As this varies, it should be 
determined at intervals by diluting a measured sample (5 c.c.) of 
the well-iiiixed cream with recently boiled distilled water to 250 
c.c. in a stoppered fiask, well agitating, allowing to settle, with- 
drawing an aliquot portion with a pipette, and testing the 
alkalinity by standard hydrochloric acid and methyl orange: 
Some commercial quicklimes contain large quantities of impuri- 
ties, hence the valuation as to real lime is necessary. In all forms 
il loses strength by absorption of carbonic acid if exposed to air, 
therefore bins, vats or tanks for storage require to be carefully 
covered. The usual dose of lime, when used alone, has been or«: 
ton to each million gallons, or 15-68 grains per gallon. 

In using lime alone the following conditions must be 
observed ; — 

I. Sufficient must be used, in Ihe case of acid or trade 
effluents, for neutralization and precipitation. 

2 In ordinary rases, enough must be added to combine with' 
the free carbonic acid, and half of that combined as bicarbonate 
as in ordinary water softening ; the precipitated carbonate of 
lime carries down mucJi organic matter, 

3, A slight excess is generally needed to precipitate organic 
acids and colouring matters of a humous character. 

4. Best results are obtained when the lime is in solution ; if 
only suspended, its action as a chemical precipitant is neccssaril* 

• SaHiUty HnginiKiu^, [89H, p. 445, 
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I diminished, while all llie insoluble impurities aie added to the 
sludge. 

,. Tlie effltieiH must not be rendered more than faintly 
alkaline ; this must be ascertained by a determination of the 
, alkalinity of raw sewage aiid effluent, 

6. The amount used will vary according to tlie quality of the 
I sewage and of the lime, 

Dibdin has drawn attention to the solvent action of lime on 
many of the suspended matters in sewage, so that " the addition 
of an excessive quantity of lime, while affording a rapid settle- 
ment of the sludge, and a more or less clear effluent, dissolves a 
by no means inconsiderable quantity of the offensive matters 
previously in suspension, and this is apt to render the last state 
of the liquid worse than the first. The well-known offensive 
character of the liquids from sludge-presses when lime has been 
used is an example of its solvent action." 

If other water than sewage is used for making up the lime 
mixtures, the corresponding dilution of the effluent must be 
remembered in judging of its quality. 

When lime is used in conjunction with salts like sulpliates of 
alumina and iron, there will be no free lime left if the molecular 
. proportions are observed, thus : — 

AI3 CSOJ3 + 3 Ca (OH), = Al^ COH)^ + 3 Ca SO,. 

Fe SO, + Ca (OH)^ = Fe (OH), + Ca SO,. 
Fe, (SO,), + 3 Ca (OH), = Fe, (OH)„ + 3 Ca SO,. 

Only sulphate of lime will be left in the liquid, increasing 
I its pemianent hardness, and sometimes affording a measure of 
I the sewage when discharged into rivers- 

Aluminit or Iron t Inrificiiliort. — The use of aluminium and 
on salts as clarifiers and deodorizers has long been known 
It depends on several actions, namely :-- 

(i). Forming, in neutral solutions insoluble compounds, called 
generally " lakes." with colouring matters and other dissolved 
substances. 

(2). Antiseptic power of the melallir sails themselves, and also. 
I in commercial specimens, of the excess of acid, generally sulphu 
with which they are mixed. The latter, when they arc used 
• conjointly with lime, or when the acid is neutralized by the 
I ammonia or other alkalies of sewage, will of course not counl. 

(3). In an alkaline solution the gelatinous precipitate of 
j hydroxides entangles and carries down suspended matters, 
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including organisms. The latter, however, rapidly rediffuse in i 
the liquid, as in the case of other mechanical agents, so that the 
precipitate must be quickly separated. This separation, by i 
deposition and filtration, with subsequent sludge-press, adds a 
great difficulty and expense to tlie method. 

(4). Aluminium and iron salts neutralize ammonia and basic 
compounds ; iron salts also destroy sulphuretted hydrogen, giving 
a black sulphide, Fe S (plus free sulphur in the case of ferric), 
eventually oxidized to red-brown ferric sulphate, Fe, (SO^)^, 
forming an ochreous deposit which acts as a further purifier. 
This red deposit often occurs from iron naturally present, and 
shows generally that the liquid has been so far oxidized. 

Almnhtiiiiii Sulphatf is nmde from bauxite or clay, by Ireat- 
ment with sulphuric acid. .Vs sold, it often contains excess of the 1 
acid, and samples should always be tested, as the more neutral ■ 
it is the better. Freedom from iron is not requisite for this . 
purpose, in fact ' S pence's Aluminoferric" is a mixture of the j 
crude sulphates of iron and alumina, made in blocks which | 
slowly dissolve. The amount of iron present in this compound ' 
is, however, small, 

Allan, Uie double sulphate of aluminium and potash, or ^ 
ammonium, has the advantage of a definite composition, so that 
an exact quantity can be used, but is precluded by its cost, and 1 
also by its leaving behind the alkaline sulphates. In local \ 
purifications on the small scale, it has often been of use. 

Iron Sails. — Iron is distinguished from ahiniinium in having J 
two oxides and two classes of salts, ferrous or proto-salts, from | 
Fe O, and ferric or per-salts from Fe^Oa When chemical pre- j 
cipitation was prevalent, there was much controversy as to 
whether ferrous or ferric salts should be used The former were 
cheaper, in the form of ferrous sulphate, or " green copperas." but 
had the disadvantage of being reducing. Copperas with lime 
was largely used for London sewage. The precipitate of ferrous 
hydroxide, Fe (OH)^ absorbed oxygen from the air, and to a 
certain extent communicated it to the organic matter, acting as 
a carrier, I 

Ferric Salts not only possess a higher power of clarification, | 
but also act as direct oxidizers. A solution of ferric sulphate 
has been used in several systems of purification, and the small 
quantity present in "aluminoferric" may consequently be 
advantageous. Ferric ciiloride willi lime was formerly employed, 
esi>ecialiy at Northampton. The presence of arsenic in it % 
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[ commented on by Letheby, Hofmann, and FranUland. " Clarme " 
was a basic ferric chloride. 

An important difference between ihe behaviour of ferrous and 
ferric sails as precipilants, is not only that the former act as redu- 
cefs. diminishing the amount of free oxygen available, but that 
ferrous oxide is soluble in alkaline liquors, while ferric oxide is 
almost entirely precipitated, so that a liquid treated with ferric, or 
per-salts of iron, after filtration or deposition may contain no 
iron, whereas one from ferrous or proto-salts such as copperas, 
retains iron dissolved in the ferrous stale, and on exposure to the 
air, gradually oxidizes and gives rusty deposits. 

In examinations of efHuenls where iron salts had been used, I 
have observed that a residue of the metal was always left in 
solution,— with ferrous salts from the solvent action of alkalies 
already mentioned : with ferric compounds from the well-known 
fact that organic matter prevents their precipitation by alkalies. 
After a time, if not thoroughly aerated, a black deposit of 
sulphide of iron is liable to form and is often seen on sides of 
channels. The presence of these salts is also injurious to fish, 
and hinders nitrification. Aluminium salts have not these 
disadvantages. 

The Massachusetts experiments investigated the effect of 
different amounts of chemicals in removing micro-organisms from 
sewage. It was found better to add the metallic sails first, and 
then an equivalent amount of lime afterwards, Ferric sulphate 
gave the best results as to removal of organisms and organic 
matter, copperas or alum acting about equally in the second 
place. As regards cost, their table gives the preference to cop- 
peras (ferrous sulphate), and lime. At Ihe London County 
Council's Works, Mr. Dibdin used t grain of copperas and 4 
grains of lime to 1 gallon sewage. His experiments as to the 
effect of various amounts of differenl precipilants on sewage are 
given in the table p. 141 

He concluded that where it is intended lo treat the sewage by 
chemical means, the following rules should, as far as practicable, 
be obsened : — 

(1). That the sewage should be diluted as little as possible. 

(2). That agitation after mixing should be avoided. 

(3). That, unless absolutely necessary, no pumping should take 
place before precipitation, the reason apparently being that the 
enlanglemeiii of air with the precipitate prevents settling. 
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^^H He also infers thati — 

^^1 I With iime, iron is superior to alumina, and also cheaper. 

^^H 2. That a large increase in the quantit>- of chemicals yields 

^^H no advantage. 

^^H At Glasgow, precipitation is effected by adding sulphate of 
^^H alumina and lime in the proportions of two parts of unslaked 
^^1 lime to one of ahunina, the quantity used varying according to 
^^r nature of the sewage, which is judged of by its colour, the palest 
sewage having the minimum of five grains of unslaked lime per 
gallon. When alumino- ferric is employed, a common proportion 
is 5 gms. per gallon, mixed with 7 gms. of lime. The present 
works at Dalmarnock are to be supplemented by others at Brae- 
head and Dalmuir, where it is said that the Corporation intend to 
dispense with filtration. The total daily sewage flow will be 
about 200 million gallons, estimated to produce over a million 
tons of wet sludge. 

The "Aelite" precipitant of the "Mrignetite" Company is 
described as a mixture of "alumina, iron salts, and oxidizing 
compounds," 7 gms. per gallon being used for ordinary domestic 
sewage, preceded by screening and followed by filtration through 
magnetic oxide of iron, Fe^O^. 

" Ferrozone " was also al one time in much use as a precipitant, 
and was of similar citaracter. 

In the application of chemicals to sewage it is necessary to 
remember that 

(i) The real strength of precipitants should be periodically 
ascertained by analysis. 

(2) In view of the varying flow, the easiest plan is to store a 
large weighed quantity of the reagent, dissolved in a definite 
volume of water or sewage. The receptacle must be carefully 
protected, and so arranged that a measured volume can be drawn 
off as required. The whole process, in fact, must be quanltlalive. 
Many precipitants take some time to dissolve, and the water 
used should be in proportion to their solubility. 

It is hardly necessary to warn against the occasional careless 
system of turning in so many hundredweights of crude pre- 
cipitant into a tank of raw sewage, stirring roughly, and taking 
no notice of the lumps or debris that remain. 

Many devices have been invented, some patented, for regulated 
supply and proper mixing of chemicals with sewage, some 
iclaiming to automatically dissolve and distribute any prcdpitanl 
in sohition according to the increase or decrease in the flow of 
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5ewage.* Amongst these, Wolslenholme's. Goddard's. Massey 
and Warner's, and Reeve's are in use in many places. 

For separating the clarified liquid from the precipitate, either 
siphoning, drawing off from cocks at different levels, or letting 
out the sludge at the bottom, is applied, with a large number 
of patented modifications. 

An ingenious automatic apparatus (fig. 17) for regulating the 
supply of chemicals in proportion to the flow of the sewage is 
describeH by Mr. Herbert Law.t It is in use at Oldham. 

Setlling Tonks may be constructed on the intermittent system, 
in which the liquid is allowed to rest quiescent for a certain 
number of hours, and the clear portion is then decanted. A 
more usual method is conlitiuous sedimentation, when the whole 
runs very slowly through a lank of sufficient depth to allow the 
solids to gravitate, while the dear solution overflows from the 
top. Santo Crimp states that the minimum size of the tanks 
should be such as to hold two hours' sewage flow during the 
period of maximum discharge, and this quantity may be roughly 
estimated at one-seventh of the whole day's flow. 

In those cases in which chemical precipitation is dispensed 
with, the rate of settling may necessitate a larger capacity than 
this, especially if the tank is designed not only to remove sus- 
pended matter, hut also to bring the organic suspended solids 
into solution. It will, therefore, be seen that in those cases in 
which it is proposed to adapt tanks constructed for chemical pre- 
cipitation to the settling of sewage prior to bacterial treatment 
their size must be augmented sufficiently to allow time for the 
solution of the organic solids. Such tanks are originally too 
large to act as grit chambers, and too small if sludge is to be 
dissolved. 

The relation between occasional flushes and the steady 
ordinary flow will vary with locality, and has to be specially 
determined by gauging at intervals (p 20). A fairly constant 
average from day to day will be found, with irregular inter- 
ferences from storms. On the combined system of sewerage, 
these render necessary the large surplus capacity given in the 
L.G,B. r^ulations ; but even on the separate system, when storm 
water is excluded, they temporarily increa-se the volume 

• For deiipriprioii see Col. Moore'.* Sahilaiy Hnsintiiine. 1B9K. p. 443. 

t J Sai /"If ivii , 476. The fault iif this system, however, i.s that the sewage 
varies so much In composition tbai the chemicals will be 
n deEiciencv 
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Forms of Settling Tanks. — Many forms have been devised. 
At first they were simply earth or clay-lined reservoirs with flat 
bottoms, from which the settled liquid was drawn by syphon 
pipes at a little distance from the bottom, the soakage into the 
porous sides allowing great foulness. Then iron tanks were 
constructed, with flat bottoms, and outlet pipes placed generally 
at too low a level, the removal of the sludge at intervals requiring 
emptying and drawing off with considerable labour. A further 
improvement was to make the tank rectangular, four times as 
long as broad, with its lower surface inclined i in 80 to i in 100 
towards the inlet end. Transverse walls, coming near to the 
surface, divided the tank, so as to allow the sewage to deposit 
and flow over them, while " scum plates " dipped from above, and 
intercepted any floating matters. At the base of the Iransverse 
walls there were openings allowing the slud;;e to gravitate, or be 
carefully swept down, to a well at the lowest point at the inlet 
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end. At the upper end, ihe clari&ed liquid was drawn by a valve 
or a floating arm Santo Crimp gives as examples of the 
capacity of settling tanks -. Coventry. 42 per cent, of the day's 
flow; Birmingham and Burnley, 56; Leicester, 40; Wimbledon, 
80 (designed for a large increase in population). 

T/ie Dortmund Tank ts circular and deep, with the lower part 
conical, and with a vertical cylinder fixed in the middle (figs. 20. 
21). The strained sewage, after treatment with lime and 
aluminium sulphate, passes downwards through the central 
cylinder, and is then distributed horizontally by specially con- 
structed arms. The sludge deposited in the cone is withdrawn 
by suction pumps through a 6-inch pijie opening near the bottom, 
at a uniform rate of I5fl, per hour. This tank was first used at 
Dortmund, in Germany, subsequently at the Chicago Exhibition, 
and at Alfreton and Ilkeston in England. The deposition in 
conical vessels has been long known in laboratories as a means of 
concentrating precipitates. The idea aimed at in the Dorlmund 
is timing the deposition with the withdrawal of clear liquor. 
The fault of conical, as distinguished from cylindrical vessels. 
is that the former allow deposition on their sides, the greater in 
proportion to their low angle Hence the working is sometimes 
deficient, " the sides of Ihe cone being coated with filth, which 
decomposes, making the effluent very unsatisfactory." 

At Essen (Rockner-Rothe principle), shallower tanks are 
adopted with pneumatic raising. 

Coskam's Tank has the advantage of compactness, by means 
of a radial arrangement with two concentric circles, the middle 
one being divided into two, the outer space into eight compart- 
ments, the whole arrangement being conical, so that the inner 
I two divisions are deepest, and the shallower outside ones encircle 
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them. The sewage passes into the centre, and overflows gradU'>'l 
ally through the other compartments, with deposition in eadi. 
Arrangements are made by which the sediment can be with- 
drawn from ihe bottom of each chamber, or passed into the 
centre divisions and siphoned out collectively.* A reclangulai 
form is also included. 

Tfie Ives* Tank is also circular and includes arrangements f<» 
aeration and, as a preliminary, the centrifugal reducer of coarser 
solids already menlioned. with a "chemical cage" for regulating 
the supply of precipitant. The details, including a " flocculent 
f!uo." are very eiaborate.t 

The sludge or precipitate left after either subsidence or filtra- J 
lion putrefies very rapidly in warm weather, therefore requires 
rapid removal from fillers or tanks. It was formerly intended to 
disinfect it at great cost. It is of very varying composition. 

Two methods are adopted for separating it from the water 
which is its main constituent : - - 

T, Drying in trenches on porous Innd ; aftenvards it is 
generally dug in. 

3. Filter pressing. 

The pressed sludge from the London sewage at Crossnesal 
averages, according to Dibdin's analysis already quoted : 

Waler ... ,. 5S 06 

OrRatiic mailer ... i6-6g 

Inorganic or ash ,. 15^5 



Saline Ammonia ... 0035 

rjrganic NilroRen 087 

The composition of the mineral matter was affected by thej 
treatment with lime and ferrous sulphate, being : 



Silica (aandy mailer) 
Ferric Oxide 
Alumina (from day) 
Phosphoric acid 
Magnesia ... 

* For details see Moore's Sami 
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ihe loUl amount of wet sludge being 30 tons per million gallons. 
At WimWedon in 1893,8-2 tons of pressed sludge cake were 
obtained per million gallons sewage, tbe average for a number of 
towns where filter presses are used being 928 tons per million 
gal Ions, 

In pressing sludge, lime is generally added to make the sub- 
stance more manageable, as much as 3% is often used. The 
result, as we have indicated, is a dissolving of the organic matters, 
and an extra foulness of the pressed liquid, besides the additional 
bulk. 

At Ealing, the sludge was mixed with town ashes and burnt 
in a refuse destructor ; at Birmingham, il was mixed with the 
general refuse and offered as manure. 

Although the addition of lime in small quantities as a precipi- 
l.int tends to inhibit the multiplication of micro-organisms, it 
must not l>e forgotten that large quantities of lime, added either 
to ibe raw sewage, or mixed with the sludge to assist consolida- 
tion, increase the amount of organic matter in the effluent or 
sludge-press water, so that these liquids, after their alkalinity has 
been diminished by dilution or absorption of carbonic acid from 
the air, readily putrefy. 

Sludge includes the greater proportion of the organisms of 

the original sewage, and when fresh may contain, according to 

Prof. Boyce. 150 millions per cc, but on standing, the number 

slowly diminishes, reaching 90 millions after 24 hours, and falling 

I to 7 millions in three months. 

With regard to sludge cake, the further addition of lime, 
together with abstraction of water by the presses, renders the 
mass almost sterile al first, but when exposed to the weather and 
to dust, a ripening process takes place on the development of 
bacterial life 

I The value of sludge cake, either as a manure or as fuel, 

obviously depends on the amount of water present 
At Worcester. Massachusetts, chemical precipitation is still 
adopted after exhaustive experiments by the State Board of 
Health, and new sludge plant has recently been installed to deal 
with the sus]>ended matters from the manufacturing sewage 
Acconiing to Dr Kinniciitt. (he effluent cannot be turned intn 
I the wstercourse. unless the dry-weather flow of Ibe watrrcourse 

b at least ten times that of the sewage 
L In the recent inquiry on the Bnulford sewage il was shown 

I there thai the large quantity of grease, mainly wool-fat. amcrant- 
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ing sometimes to 20% of the dry solids, caused great difficult in 
treatment and disposal, preventing the squeezing out of more 
than 35% of water It was stated that ; — 

" The usual percentage of tvaier in the wet sludge of other towns 
was 90%, the increase From 90 to 98% making a vast dilTerence U^ 
the total bulk of ihe sludge. Thus wet sludge jfl 

with 90% water ~ 9 vols. HjO to 1 of solids ; ^M 



95/, 



; with 90% I 



became 200 tons 
used its volume to 



'Vherefori;, 100 ions of 
wilh 95, and 500 tons « 

" So that the watery character of ihc sludge 
be increased 5 times. 

" The sludge being so thin and greasy was dilHcult 10 press, and 
after being pressed in the most improved sludge-pressing machinery, 
left fully 75% of water in the cake." 
Sludge cake can be brought to 50% water by pressing, and to 
1 2% by air-drying. As the value, either as manure or fuel, is in- 
versely proportional to the amount of water present, it follows that 
in all cases, air-drying should be used before disposal In the 
lable (p. 150), the monetary value of air-dried sewage sludges is 
given, while their calori&c value is roughly proportional to the 
organic matter. Since the latter is largely nitrogenous iu 
character, its value as fuel is much lower than that of coal, and 
of course the remaining water associated with it must be evapo- 
rated before any energy is available. 

The following are analysis of air-dried sludges as given by 
Prof. Robinson. 
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CHAPTER VIII. 



IN by Heat, Chemioals. and 
cllon ol Mangaildles and l'< 
— Chlorine and Hypochio 




ileclricily— Ueiiiovlnji Udour— Metallic 
■nianganateB— KeevEs' System— Osynile 
ites— IlleachinB Powder — Hermile — 
r I'roccas -Desiruclors icir Sludge and 



The preceding processes dealt with the mechanical separation 
of the solids by different metiiods and the production of a clear 
efllueot. getting rid of each as the circumstances best allowed. 
Cheniicais were sometimes employed, but almost solely with a 
view to clarification. The Rivers Pollution Commission, and a 
large number of legal actions, led to attempts at " disinfection " 
of the raw material or its products. Starting from the observa- 
tion thai organic liquids could be kepi from change by heating 
them, or by adding a certain proportion of an antiseptic, it was 
thought that raw sewage could in the same way be [treventcd 
from putrefaction or offensiveness. l"hese processes aimed at 
removing or hindering the smell, or destroying the bacteria, at a 
time when all organisms were held to be dangerous, and odour 
and appearance were often the only things considered. But the 
futility of the attempt at disinfection on a practical scale may be 
seen from the fact ihat one of ihe most powerful disinfectants, 
mercuric chloride, to be reliably bactericide, requires to be used 
io the strength of about i in looo. which would require for a 
small local sewage of 20,000 gallons, from under 1000 people, 
aoolbs. per day, at a cost of over £2^ daily, or nearly £^10,000 per 
annum. Less energetic agents, although cheaper, would have to 
be used in greater strength, thus phenol (carbolic acid) is only 
effective when used in a 5% strength, and therefore would be 
required at the rale of lo.OOOlbs. per day. so that the cost would 
evidently be prohibitive. 

Owing lo the foul condition of rivers near or within large 
towns, vigorous attempts were made to disinfect them with 
chemicals, or to add the latter to the sewage, with the object of 
removing or neutralizing free ammonia, compound ammonias, 
and sulphuretted hydrogen, and so rendering it almost inodorous 
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[ for the time, and of hinderii^ further decomposition of the 
organic matters. Any acid or acJd salt would neutralize the 
ammonia; many metallic solutions would absorb sulphuretted 
hydrogen, and also precipitate much of the organic matter, and a 
clear effluent without much odour and almost colourless would 

I be obtained. But several difficulties occur : — 

1. It is a mistake to suppose that the odorous ingredients 
I of sewage are all basic like ammonia, or readily combine with 
I chemical reagents Acids and many other chemicals, when 

adrieH to urine, faeces, or vegetable refuse, develop a very 
unpleasant odour, wJiich may be often noticed in the vicinity of 

[ works where organic matters are treated. Substances like indol 

[ and skatol, from fieces, are very weak bases, and readily escape 
nth vapour even from acid solutions. 

In distilling sewages or contaminated waters for ;unnionia iuid 
albuminoid, the distillate will be found to have a fjeculiar 
nauseous, somewhat aromatic odour, which is so constant that in 
waters it points strongly to sewage admixture. W'hen in con- 
siderable quantities, the compound causing tlie smell collects as a 
greasy white scum on the top of the distillate. On account of 
its ready volatility, and its not combining with reagents, it is 
very difficult to separate, but from large volumes of sewage. I 
have obtained it as a whjte neutral crystalline substance. In 
small quantities, it floats like a grease on the surface of water: 
from ite odour and general occurrence, though in minute 
amount, it would seem to be an important cause of the residual 
sewage odour when ammonia, etc, have been removed. 

Tiie volatile oil giving the chief odour to urine, has also been 
isolated, it is neutral and does not readily combine; the same 
would be the case with essential oils from vegetables, hydrocar- 
bons like naphthalene from gas tar. etc. Among acid compounds, 
phenylacetic acid, which I have isolated from effluents, has a 
strong odour. Ethereal salts, like mercaptan, may also be men- 

I tioned among the many substances which render chemical 

I deodorization inefficient. 

2. Chemicals, in the quantities that can be applied, do not 
I kill the organisms of ])utrefaction, and only to a slight extent 
I reduce the organic matters in solution, therefore the effluent soon 

resumes a condition of turbidity and foulness. -Some of them 
I render the liquid acid, others unduly alkaline — both objectionable 
1 features, We Iiave already spoken of the increase of the sludge 
I by precipitants : while the difliculty of sterilizing it is well known, 
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Occasionally expense is a secondarj' factor in dealing with 
offensive discharges, as, for example, from hospitals, so lliat 
metallic salts are sometimes of service. Among others, those of 
copper, on account of their combining with sulphur and ammonia, 
and their marked germiridul properties, have been used. Their 
easy removal by lime and sand filtration, with subsequent 
recovery of the copper from the material, induced Kroncke* to 
adopt cuprous chloride ; others, e.g. the French authorities in 
combating the cholera in 1892, used the cheaper cupric sulphate 
Mr. Shrapnell Smith, of Liverpool, stated at the Leeds Sanitary 
Congress, 1897, that he was using salts of copper, and drawing 
air through the filter beds by fans. 

During the Royal Commission on the Metropolitan Discharget 
Mr. Dibdin pointed out that it is possible to thoroughly deodorize 
sewage by permangarale and sulphuric acid (giving ozonized 
oxygen), either before or after the removal of the suspended 
matters by precipitation. Sodium manganate. as a cheaper salt, 
was used in large quantities in a similar way. It was introduced 
into sewers at different points, and being strongly alkaline, it 
disengaged ammonia, which was neutralized by acid treatment 
at the outfall. 

The amount of oxygen liberated from manganates and per- 
manganates depends upon the way they are applied. The 
maximum, wlien permanganate with sulphuric acid acts on 
organic matter, is 5 atoms, thus — 

K, Mn^ 0^+3 H3 SO.^K^ SO, + 2 Mn SO, + 3 H^ O + 5O. 

If the acid be insufficient, a brown precipitate of hydrated' 
peroxide falls, and only 3 atoms of oxygen are liberated :■ — 

K^ Mn^ O^ + H^ SO^ + 3 H30 = Ka SO, + 3 Mn (0H),+3O, 

Manganate spontaneously gives up i atom of u.\ygen with 
great readiness: — 

Na^ Mn 0, + 3 H^ = J Na OH + Mn (0H), + 0. 

With a dilute acid, even carbonic, in excess, it yields per- 
manganate and hydrated peroxide 1 — 
3 Na^ Mn 0, + 3 H^ SO, = Na^ Mn^ O^ + Mn (OH), + 2 Na^SO,. 

The permanganate further changing as shown above. 

Manganates were employed for the deodorization of the 
Ixndon sewage pending the opening of the outfall precipi 
works. 
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Many altciiiptti have been made lo recover the manganese 
or iron oxides precipitated in the sludge by pressing, heating in 
closed retorts, utilizing the ammonia and evolved gases, and 
employing the residual mixture of carbon and metallic oxides 
as a filtering medium. 

The Reeves system also uses manganale of soda and sulphuric 
acid for sewage. To remove odours from manholes and venti- 
lators Harris Reeves has constructed an earthenware apparatus 
in which a solution of manganate of soda is constantly prepared 
and mixed with concentrated sulphuric acid, so that the heal 
produced generates vapours of permanganic acid which is 
strongly oxidizing (fig. 20). 





A solution of peruLinganate is used by many vestries in Ihc 
street watering carts, but it will be noticed ihal il becomes very 
rapidly destrojed At one time this agent was in great favour, 
and was examined by numerous observers, some of whose opinions 
cquoted. Koch* states that it is effective only in concen- 

- MiUli.K*u.Ga.iii$t. 
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trated solutions. Calvert* found i in 12 necessary to prevent 
growth -n bouillon fur six days. Miquel states that 35 grammes 
were required to sterilize ! litre of beef tea (i in 28S). Demar- 
quay, from surgical experience, considered that i in 1 000 
"disinfecied very well, but its action was rapidly exhausted, and 
it did not prevent the secretions from retaining their virulence." 
Vallinf was of similar opinion, also BljthJ and Klein. § A part 
of the fault consists in the reagent being rapidly destroyed by 
organic matter and other substances, so that there is no time for 
bactericidal action. 

An experiment of my own|| is illu.strative. 

The Westminster Vestry had for some lime used permanganate 
in their water-carts in the proportion of 2 oz, to 400 gallons, or 
r in 32,000, the 400 gallons covering about 600 square yards on 
a dry and 3000 square yards on a wet day. The reasons given 
for discontinuing it are interesting :— (1) That it was complained 
of as damaging the asphalt ; (2) ihat it was more costly than other 
flisinfec'ants ; (3) that being without odour the ratepayers had no 
belief that a place had been disinfected ; (4) that it attacked the 
iron tanks and fittings; (5) that children collected the pink 
liquid in various utensils, and sometimes drank it. 

To test the bacterial efficiency of a 1 in 5000 solution, at the 
rate per yard mentioned above, 1 watered Iwo plots of asphalt 
roadway in Victoria Street, under ordinary day conditions of 
horse droppings, etc, (a) with ordinary water, and the other (^) 
with the |>ermanganate 1 in 5000. The liquid running off was 
collected, an average sample preserved in ice, and bactenally 
examined. The rapid destruction of the permanganate was 
again noted. 

The permanganaled sample was almost free from odour, and 
nn keeping for three days smelt much less foul than the other. 
The cultivation experiments showed the following results: — 
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Although the permaiiganale lias exercised considerable in- 
fluence, destroying about 96 per cent of the bacteria, the result 
cannot be considered sterilization, and it will be noticed that its 
effect upon those growing at blood heat and on carbolined 
gelatine, which include those of the " coii " group, was similar to 
that on those growing on the ordinary gelatine plate. 1 did not 
specially test in these exjjerinienis as to the survival of spores of 
B. enterilidis sporogcncs, but from previous work with this 
organism I believe it to be extremely resistent to permanganate 
(See also p. 159 — use of chlorine for this purpose). 

An important consideration attached to the use of manganese 
compounds is that oxides of this metal are invariably left in the 
sludge. Any metal having two oxides which easily pass one into 
the other may act as a carrier of oxygen from the air to organic 
matter. We have spoken of this in connection with iron. 
Manganese has ^ still higher range of activity, consequently, the 
oxygen compounds of manganese have long been used as 
destructors of organic matter, and a large number of inventions 
have relation to them. The native mineral pyrolusite, or per- 
oxide. MnOj, is with difficulty acted on, and almost inert. In 
the raw state it has been used in filters, or added in very fine 
powder to sewage ; but beyond mechanical action it gives no 
oxygen and remains practically unchanged, A better result 
occurs when it is mixed with carbonaceous matters and heated 
in closed retorts, so as to reduce it to a lower state of oxidation. 
On exposure to air and water, a film of flocculent hydrated 
peroxide is formed, which readily parts with oxygen to organic 
matter in solution, re-absorbing oxygen from the air when the 
water has drained away. Such a material has high oxidizing 
powers, the ex|jense bcin;^ the main objection. 

Bertrand* in his investigation of oxydases (p. 8g) pointed out 
the invariable presence of traces of manganese, and suggests that 
the oxydases are compounds of manganese in which tlie acid 
radicle is of a proleid character, and of sufficient activity to keep 
the metal in solution, whilst the manganese is the real carrier of 
oxygen. Antoine Villierst and Arhille LivacheJ confirm this 
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view of the agency of very small quantities of manganese 
in transferring oxygen from one compound to another, and 
it seems probable that the traces of manganese compound 
in coke, clinker, and other materials of filter beds may be 
helpful to oxidizing action by supplying this element lo 
oxidizing enzymes. In nalural oxidations by traces of iron 
compounds, such as occur in ferruginous waters, the action of 
enzymes has also been asserted. 

Adeney, in i8a4,* observed that the sludge from sewage that 
had been treated with manganate of soda slowly evolved carbonic 
acid and nitrogen gas. This oxidation of the organic matter 
was attributed by him to the available oxygen of the hydrated 
peroxide of manganese in the precipitate, as he found that the 
peroxide became completely converted into manganous carbonate, 
MnCOg. The process is exactly similar to lietiitrification (p. roj), 
and is similarly dependent on organisms, as Dr. McWeeneyt 
found that in sterilized media the reduction of peroxide to 
carbonate did not occur. Adeney also showed by thermo- 
chemica! equations "that if this decomposition of the peroxide 
of manganese was the result of a fermentation consisting of the 
direct oxidation of organic carbon at the expense of its available 
oxygen, the changes would be attended with considerable heat 
evolution, and would, therefore, constitute a considerable source 
of energy to the organisms." 

Following these researches, but also including the older features 
of subsidence and chemical precipitation, the "Oxynite" process 
was put into practice at the Dundmm Asylum, near Dublin ; 
the sewage entering a tank at the bottom, and overflowing 
above, deposited nearly QO'!;', of the solid matters " unmixed with 
precipitating chemicals." In the second tank it was precipitated 
by manganate of soda and sulphate of alumina; this sludge 
undergoes the spontaneous oxidation described above, and 
admits of the recovery of the manganese.* The effluent is mixed 
with nitrate of soda to supply more oxygen \ see remark on p. 
lo6. It will be seen that the larger part of the sludge is not 
treated. 

CkloTtne and Chlorine Compounds as conveyors of oxygen have 
been often used. Chlorine by itself may act in different ways. 

• Pkw. H. DkMik Sot . vili , 247. 
t Traiu. S. Dublin Sol.. Ahr . 1897. 
; See hIso Wilson, patent 1735. 1891 
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When concentrated it can combine directly with organic matters 
or replace the hydrogen in them, precipitating all albuminous 
substances 'and rendering them impiitrescible, besides killing all 
life. In localised situations, therefore, chlorine and its compounds 
are effectively used for dealing with special nuisances. The 
offensive gases of putrefaction are decomposed, sulphuretted 
hydrogen being resolved into sulphur and hydrochloric acid ; — 

H3S + Cl3 = 2HCt+.S 
phosphuretted hydrogen being also decomposed, while ammonia 
and compound ammonias give a corresponding chloride and 
nitrogen : — 

SNH, + 3C1,=6NH,C1 + N,. 
hence the copious white fumes frequently noticed when a chlorine 
mixture is thrown into a dung pit. With more chlorine, in- 
tensely acrid vapours which attack the eyes and lungs, due 
to chlorides of mlrogen and chloropicrin, C(NOg) CI^. are pro 
duced. In dealing with cesspools, ashbins, or privies this becomes 
strongly prominent in chlorine disinfection. Chlorine acts as an 
oxidizing agent by decomposition of water: — 

HaO + Cl3 = 2HCl + 0, 
the nascent oxygen so liberated being far more energetic than 
atmospheric oxygen, and acting directly on organic substances. 
The cheapest source of chlorine is chloride of lime or bleaching 
powder, CaCl^O. which on dissolving in water breaks up into 
calcium chloride, CaCI^, and calcium hypochlorite Ca (ClO)^ ; 
the latter only is available for chlorinating or oxidizing. The 
commercial dry powder contains as a rule about one-third of its 
weight of active or "available" chlorine.f When mixed with 

* Rideal and Stewart, AnaXytt, iBgy, p 128. 

t " Available chlorine" means that portion of the whole chlorine which in any 
of the eruup liberates oxygen on reaction with water. Hydrochloric acid and most 
chlorides liberate none. Free chlorine, for every molecule Clj, or 71 parts by 
weight, scls free one atom, weighing 16 parts, of oxygen Clj+ H,O = iHCl + 0: 
that is. the weight of chlorine used is alKiut 4} times the otygen obtained. 

Hypochlorous acid and hypochlnrllM can break iip diieclly into hyrlrnrhliiric 
acid or chlorides and oxvgen — 

HCIO=HC1 + 
ra(C10),= CaCI, + jO 
NaCIO = NaCI + 
Hence /k'c hypochlorousacid, or a/im hypochlorite, would filve one atom of 
oxygen for one of chlorine, or double the amount yielded by free chlorine. Com- 
mercially, however, the hypochlorite ia always obtained mixed with an equivaJeal 
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ordinary water containing carbonic acid, the latter decomposes 
the hypochlorite, setting free hypochlorous acid : — 

Ca CCIO)a + CO, + H3O = CaCOa + 2HCIO, 
"Chloros" is a solution of sodium hypochlorite NaClO, 
taining 10% of available chlorine. 

Allusion has already been made to the use of chloride of lime 
at Birmingham (p. 137) in small quantity along wilh slaked lime ; 
as the latter absorbs the carbonic acid, the action of the 
hypochlorite is extremely slow. 

Hypochlorous acid, like chlorine, can either combine with.1 
organic matter directly, forming innocuous compounds, or can ] 
furnish hydrochloric acid and nascent oxygen. 

Chloride of lime was used before 1884, and again in 1887. for J 
the river Thames during the hot weather, but it was shown that I 
" unless large and continuous doses were kept up," the foulness I 
of the stream was not controlled. 

Hofmann and Frankland found in 1859 that it required 40olbs. 
of chloride of lime to deodorize a million gallons of London 
sewage, the effluent remaining inoffensive for three days. 

On the river Brent in 1896, when complaints were made of the 
effluvium, chloride of lime was scattered on each bank during the 
warm weather. Its use in dustbins, gulleys, streets, and urinals 
is well known Dr Parkes* has drawn attention to the insanitary 
condition of wood pavements during a spell of dry weather I 
where horse- droppings are frequent, and recommend:; that J 
"where the hose cannot be adopted, the wood-paved streets 
should be watered from carts containing a weak antiseptic and 
deodorant solution which will inhibit the growth of the putre- 
factive microbes on the wood surface. Probably the best would J 
be a weak chlorine solution, say 1 part of chlorine in 10,000 to 

* British III idical Journal. December 9th, 1899. 

EunoDQt of the inert cbloride, as in ihe [ormation of aoliitiont of chlor 
and chlorinated soda : — 

3 Na OH + CI, = Na CI +Na CI O + H,0, 
iCa(OH)j + aCl, = CaCl, + Ca;C1 OJa + iHjO. 
Therefore, apart from the question of difTerence of activity, the total amoanli | 
of chlorine present m these chlorinated products bears the same relation to 
the oiygeo yielded as it does in solutions of ihe free element In the manu- 
factured products lime or soda is always present in excess for thesalieof stability : 
but all of ihem deteriorate when stored, especially in presence of liRht, The 
available clilorine requires to be frequently controlled by analyses. In " chloride 
of lime" il is expected to be 33 10 34%. in "chloros "si 
10%. 
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20,000 parts of water .... being volatile it leaves no residue 
on the road." But free chlorine, even in this dilution, would 
attack the iron fittings of the carts and the grids of the sewers, 
and be itself removed as basic ferric chloride. A one per cent 
solution of bleaching powder (1 : 300 available chlorine) was 
used by Sims Woodhead for stenHzing the Maidstone water 
supply during tiie iSg? tj-phoid epidemic. 

Although powerful disinfectants, chlorine and the hypochlo- 
rites have several disadvantages -. 

(i). Their own odour, and the persistent odours they create 
and leave behind, lead often to their use irregularly, or in ineffec- 
tive quantities. 

(3). The action on metals and leather (washers of taps and 
fttlings).^ — Lead even is corroded, so that in water-closets with 
leaden syphons, tlie pipe would be eaten through rapidly. Free 
chlorine, or acidi&ed clilorine mixtures, exert rapid action on 
iron, cutting the fittings generally just at the level of the liquid, 
and even, owing to evolved gas or spray, corroding the metal 
some distanre above. The hypochlorites, being alkaline, are 
much less destructive, as shown by the fact that iron tanks are 
largely used to store strong "bleach liquor" in factories. 

(3). Their immediate destruction by amido-compounds like 
urea or by ammonium salts, with loss of nitrogen, so that the 
chlorine may be entirely used up in dealing with inodorous and 
inoffensive matters, unless a large excess be employed. One re- 
action between chlorine and ammonia has already been given (p. 
158) The complete decomposition would be: — 
2NH3-i-3Cl3 = N, + 6HCl, 

With hypochlorous acid : — 

2NH,-H3HC10-N3 + 3HC1 + 3H,0. 

Urea and hypochlorous acid : — 

CO(NH,). + 3HCIO = N3-i-3HCI-(-CO,-h2H,0. 

Urea and a solution of bleaching powder react thus : — 
3Ca CClO)3-^2CO (NH3)3 = 2N, + 2COj, + 3Ca Cl^^^H^O- 

Soap and domestic slop waters rapidly exhaust chlorine 
liquors, while paper, fibre, etc., absorb chlorine readily. Although 
deodorization. and still more sterilization, can only occur when 
the agent is in excess ; an affluent containing free chlorine, or its 
oxides, would not be allowed to be discharged into main rivers, 
LCare and certain prerautinng have, therefore, to be .idopted 



STERILIZATION. 



[6l 



The presence of excess of chlorine, or its oxides, is tested for 
by adding a solution of iodide of potassium and starch, which is 
turned blue. 

The soluble hypochlorites are alkaline ; when acidified they 
give off chlorine or hypochlorous acid in vapour, so that the 
walls of sewers and culverts can be thoroughly disinfected in 
special cases, as in the drains from hospitals. 

On the other hand, the action of unacidi&ed hypochlorites is 
very slow, especially on organic colouring matters as derived 
from trade effluents. In the Manchester report of 1 898 a portion 
of the Swinton sewage is thus described : 

" Raw Sewage. — Pink colour ; slight purple suspended matter ; 
smells of bleach liquor ; neutral to litmus." 

" Tank Effluent. — Slight pink colour; brown precipitate of, 
ferric hydroxide;" — lime and copperas had been added (see p., 
140 — "smells of bleach: neutral." 

There was an excess of chlorine compounds, since "on the 
addition of acid, chlorine was liberated equivalent to 0'08 grain 
l">cr gallon of oxygen " (01 14 parts per 100,000). 

The incubator tests given show a slight, but distinct, effect of 
the chlorine in the bleach. 

" Incubator test. Three minutes oxygen absorption." 
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About I in 500 (0'2%) of free chlorine is believed to be 
necessary to kill organisms. 



Ei.EcTROi.YTic Processes. 



About 1859, Charles Wall discovered that when a solution of 
a chloride of the alkalies or alkaline earths was electrolysed, 
solution similar to bleaching liquid was formed. It presumably 
contained chlorides and hypochlorites, but apparently was more 
active than a solution prepared by passing chlorine into an alkali. 
MacnPsium chloride was said to be preferable. 
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The Webster process allowed ordinary sewage to flow 
channels between iron electrodes, so that the chlorides 
electrolysed, the chlorine and oxygen liberated at the positi' 
pole deodorizing the sewage, while the iron salts formed assisted 
in the purification. Later, aluminium plates were substituted for 
iron, and the aluminium hydrate generated acted as the pre- 
cipitant. The danger of these direct processes is that the action 
may be simply local, a great part of the sewage passing between 
the plates nearly or quite unaltered. 

M. Hermite electrolyses sea water, and either adds it to sewage, 
or uses the liquid for flushing latrines and sewers. Dr. Piton's 
report on the trials at Nice illustrates a point now well estab- 
lished, that an attempt to disinfect hinders or prevents the 
natural bacteria from breaking down organic debris. He says 
that "the Hermite solution, diluted to a strength of about 025 
grm. of chlorine per litre, does sterilize the ftccal matter in the 
sewers, but that, in spite of the rapid absorption of chlorine, the 
disintegration of paper and faecal matter is no more rapid than 
when ordinary water is employed." The system was tried at 
Worthing in 1 894. and later at Ipswich, and was fully examined 
by many authorities." 

The Lancet Commission (1894) found that in the electrolysis 
of sea water the sodium chloride is not decomposed, only acting 
as a conductor ; but that the magnesium chloride is converted 
into hypochlorite, which then deposits magnesic hydrate, and 
leaves free hypochlorous acid in solution : — 

Mg(CiO)a + 2H30= Mg(OH)j + 2HCIO, 

The Hermite fluid agreed in properties with a solution of 
hypochlorous acid, made by passing carbonic acid through a 
bleaching powder solution of the same strength in available 
chlorine, except that in the bacterial tests the two, for some 
unexplained reason, were not found lo act exactly alike. 

The standard strength of Hermile solution was 0-5 gramme 
of available chlorine per litre When dilute it rapidly de- 
teriorates 

About i8qs, Woolf introduced in America, for water purifi- 
cation, a liquid similar to " Hermite," called " Electrozone," 
obtained by electrolysing brine containing 2 or 3% NaCI, or sea 
water. In 1897 a plant was erected for supplying the liquid 



■ For further detMIs of Chlorine nUinfenli"! 
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to the sewage of Maidenhead. England (after previous precipi- 
tation with " ferrozone" and filtration throug:h " prolarite"), one 
part being added to from 400 lo 6do of effluent. In an 
examination of the process in i8g8. with Professors Robinson 
and Kanthack, I found that the solution had the properties of 
sodium hypochlorite, with chloride; the available chlorine being 
0-3557^,, or practically decinornial, and that although the treated 
sewage gave at the outfall a blue reaction with potassium iodide 
and starch, showing excess of the reagent, the amount of organic 
matter was hardly reduced. On the other hand, the bacterial 
examinations proved that the gennicidal action was very marked, 
so that " an effluent nearly colourless, free from odour, and coi 
taining very few bacteria " was left I have already alluded 
the use of " finishers " in this way.* 



The electroKone process has been discontinued at Maidenhead, 
but it has recently been employed (July, 1899), at Havana, Cuba, 
for streets, sewage, and harbour ; it is slated that it has kept the 
city practically free from yellow fever, and that the cost 
generating is 5n cents per i,ooo gallons.t 

When chlorine or its oxy-compounds are to be used, the cost 
of its production becomes important. It is obvious that the 
economy of a process will be determined by the quantity of 
"available chlorine" produced in a continuous process for a 
given expenditure of electrical energy, or in other words, the cost 
of electrolyric chlorine per kilo, in comparison with chloride of 
lime, hypochlorous acid, and free chlorine obtained chemically. J 

The higher oxides of chlorine have also been occasionally used 
for disinfection and destruction of organic matter. The expense 
has militated against their use on a large scale, and is obviously 
prohibitive for sewages containing ordinary amounts of organic 
matter. 

For oxidized effluents and drinking waters suspected of being 
contaminated with raw sewage, they, like the hypochlorites, can 
be used for reducing the number of organisms present and in 
special cases can produce sterile effluents 

• chapter IV, p f^ 

t ElicKicity. N Y., Nov isl, 1899 

; AslocoM of chlorine eleclrolylic plani, see Ha«Mirmf«n. Din^ln' 
iSgs, 296, p. 189; Sihonf. Ziils. f. Elicluxhroiii. iSn^, ii [10], log . 
Rivia; 189S, -\prit jgth 
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^V 3KC10^ + 2H,SO^ = KC10^ + 2KHSO, + Cl30, 

The gas is passed into water, and this sohition allowed to mix 
with the polluted effluent If organic matter is present, it is 
quickly oxidized by the gas, so that the liquid shows after treat- 
ment less organic matter and an increase in the chlorides formed 
by the reaction of the oxide on the carbonates in solution. The 
quantity required to produce sterility in drinking waters or 
eFfluenls practically free from organic matter, by contact for at 
least fifteen minutes, is given at one gramme of potassium 
chlorate per cubic metre of water. 

B. coli communis and B. typhosus in Seine water were killed in 
three hours contact by -0024 gmis. CI^O^ per litre ('24 part per 
100.000) and even when the amount does not exceed 0008 (or 
say one part per million) considerable reduction in the number 
of bacteria is assured. The solution of peroxide used contains 
about -13 grm. per litre ; it, therefore, is added to the effluent or 
water to be purified in the proportion of about l%. 

In Germany, Wiederhold used chlorate and hydrochloric acid 
during the cholera epidemic. The expense, offensive odours, and 
danger of explosion, caused their discontinuance. 

Many attempts have been made to use osone. either in admix- 
ture with air, to be passed through or over the sewage, or to be 
generated electrolytically in the sewage itself. The latter is a 
part of the Webster process, the former of Dr Leed's patent of 
1888 for using electrolytic gases. Hagen (1881) ozonized air by 
the silent discharge, passed it through sewage, then os^oni^ed ft 
again, absorbing the carbonic acid by lime, so making the process 
continuous. Marmier and Abraham* have used ozone for 
sterilizing the water supply at Lille, and state that it removes 
nitrates and organic matter, and all germs except B. subfilis. 
The cost of the plant is given at ;£"50o for sterilizing 50CX) cubic 
per day. 
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Thermal Methods. 



To raise the entire volume of sewage to a heat suffident to 
sterilize it would be obviously impossible in practice ; in addition, 
besides the odours evolved, tt would leave a liquid which, on 
fresh inoculation with microbes from air, water, or earth, would 
become as foul as before. 
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The Lieraur process, as used in many continental towns, is a 
combination of conservancy, pneumatic removal, and disinfectioa 
Tlie Jirst application on a large scale was granted at Amsterdam, 
in 1871, wlieie a trial was made on a small quarter of 15,CXX) 
mhabitants, but simply for the conveying of the faecal matter and 
closet water, excluding the household slops, it was also extend- 
ed to Leyden, Riga, and other places, and afterwards carried 
out more completely at Trouville m France, where about half of 
the 1,800 houses are connected up and worked at the company's 
expense at an' average aimual charge of i6/- per house The 
method is based on the separation of " excrementitious " and 
" non-excrementitious " matters. The latter, including rain, 
storm, and surface water and industrial effluents, are conveyed by 
separate conduits, " utilizing as mucli as possible the existing 
sewers of towns." Il is said that these liquids " in consideration 
of their pathogenic inoffeasiveness can be safely delivered into 
the nearest watercourse, after being clarified, if necessary." It 
must be remarked that as we have shown in the hrst chapter, road 
and field drainage is by no means inoifensive, that industrial 
eflluents are frequently putrescent, and that the droppings of 
animals are often highly pathogenic. 

The " polluted liquids, including fsecal matter, sink-slops, 
soapy and dirty water," pass through j^in. iron pipes, into 
closed iron underground receptacles, thence by 4-in. pipes to 
"district reservoirs," communicating by pipes of 10 to 30-in. 
internal diameter with the central pumping station. A slight 
vacuum is continually maintained, and at intervals the whole 
system is exhausted by sections into a main reservoir. In the 
original description the excreta, with as httle admixture of water 
as possible, were heated with i tu 2% sulphuric acid, like a 
Kjeldahl process on a large scale, until the whole was reduced to 
a brown syrup, containing nearly all the original nitrogen as 
ammonium sulphate. This was either distilled with lime and 
the ammonia utilized, or dried up with ashes and sold as manure, 
containing, however, usually an excess of acid. The cost in 
Holland was said to amount to 4s. lod. per head per aimum. 

In a report concerning the Trouville installation,* it is stated 
that the sewage is stored in a large covered brick tank for about 
a week (thereby undergoing septic change), it is then mixed with 
" the necessary quantity of sulphuric acid for the purpose of f 
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the ammonia," heated in tubular boilers to 120°C, evaporated till 
semi-solid, and reduced in a rotary chamber to a dry powder 
which is said to be worth £/ to £S per Ion. 

It is admitted that in large towns, evaporation would be 

impossible ; as an alternative, a bacterial treatment is proposed, 
with sterilization of the sludge by acid and heat and reduction to 
manure. 

Town Refuse. 

The solid matters included under the general name of " dust," 
as removed by carts, have of late years been destroyed by heat 
in place of the former insanitary methods of shoots, sorting yards. 
and " made ground," especially since a chance has appeared of 
utilizing the energy derived from the burning. The older 
methods of disposal include ; — 

1. Carting and lipping an waste land. Casali" remarks that 
street dust is recommended as manure by Strabo. Pliny and 
Columella, and was highly valued during the middle ages. 
From analyses of the sifted dust during dry weadier he con- 
sidered it suitable for soils poor in lime, also for mixing with 
nitrogenous manures, or for neutrab'zing superphosphate, besides 
contributing useful bacteria. Bye-laws in London and other 
places enact that no land on which refuse has been deposited can 
be built on until it has remained untouched for at least seven 
years. Organic matter in such made ground, however, disappears 
very slowly. Arthur Mayf stated that some heaps of refuse 
after one year bad contained 30% of organic matter, and after 
nine years 2y'^(,. 

2 Barging from whnrves and carrying out to sea. Much 
nuisance is occasioned, both at the wharves and along the 
coast: solid refuse in this respect is much worse than strained 
sewage. 

3. Sorting with a vitw to iitHigalioH : now less practised than 
fonnerly. According to the above paper ! — 

"With regar.l to street sweepings, of which some two million 

■ tons are picked up annually, it is absolutely necessary that each 

Ipubiic authority should have a large space available for sorting, 

f fiifting, and draining. Some thousands of tons of street sweepings 

sent intfi the country as manure, but the nearest farms are a 
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long way from LondDii, and manuring is doiK during the season of 
the year when the amount of street sweepings is the lightest, there- 
fore an allowance of about 3s. per ton has to be made to the 
farmer to pay the carriage. Even then all tins and glasses have to 
be sorted out and barged away at a cost of about 4s, per ton. 
London will produce on a wet day about a hundred times more 
sloppy street sweepings than on a dry one. This cannot be loaded 
into railway trucks, but has to be dammed or drained for some 
long time upon the depots, until it is in a fit condition to go away 
by rail. Then it has lo be picked up and carted to the railway 
sidings, which in itself is no inexpensive matter. The London 
Vestry, therefore, working under this system, has always a large 
stock of decomposing vegetable matter on hand, the deleterious 
effects of which hardly need demonstrating in a densely populated 
city. Thus we have in many vestry depots a mass of slop on the 
one side, and perhaps 40 women screening house refuse on the 
other, which, in my opinion, cannot be a credit to any sanitary 
authority." J 

It is said that the town refuse of Paris is worth j£3000 per* 
annuiD. It is there systematically collected and carefully sorted 
by "chiffoniers," Sardine and other tins are made into toys 
and parts of tinware ; bottles, rags, etc, are more carefully 
utilized than in English dustyards, where female labour is usually 
employed. At Chelsea, for some years, an attempt was made to 
work up the debris by machine-sorting with graded sieves, using 
the fine ash for cement, or mixed with the stones, bricks, and 
clinker as concrete ; the breeze and cinders, with the assistance 
of a little coal, were burnt as fuel for the boilers by which the 
machines were driven and the works electrically lighted, while a 
special feature was the manufaclure on the spot of a coarse 
brown paper from the paper and wood fragments. The Iherma! 
value of the breeze and ashes sifted out was found to be one- 
seventh that of coal. The work, however, was discontinued, as 
the disinfection or sterilization of the various products added 
considerably to the expense 

4. Burning. — Although this is the most perfect means of 
sterilization, the difficulties have been : — 

{if) The large and varying proportion of water, which often 
renders tlie material incombustible without being dried ; the 
nuisance ocassioned during drying in air ; and the cost of the 
fuel for drying artificially, 

(b) The low combustibility of the material, even after desic- 
cation, requiring assistance by coal, special furnaces, and mucb- 
1.1 hour. 
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(c) The offensive nature of the gases evolved during the 
I burning. 

[d) The loss of manunal matter as nitrogen and carbonic 

icid 

(f). Tiie low value of the products, ash and clinker, and the 
R expense of their removal. 

The accumulations couid be greatly reduced, and iheir 
character made more tractable, if every householder would follow 
the advice repeatedly given to burn all his vegetable refuse in the 
kitchen £re, and tfirow little besides clean ashes in the dustbin, 
also by the regulations enforced on the continent and in many 
places in England, against litlering Ihe streets. 

In London, over 4a years ago, attempts were made to burn Ihe 
whole refuse in closed furnaces, but without success, as the means 
and conditions were not suitable, in 1884, the City of London 
erected a destructor for burning paper, wood, and the residue of 
sorting. At most of the yards a simple furnace with a short 
chimney was employed for the purpose. The combustible refuse, 
with a little coal, was used for burning the " soft core " (cabbage 
stalks, etc.) : the result was a smoke, with iin intolerable sickening 
odour, which led to numerous proceedings against these yards. 
Even where the "breeze" (cinders and small coal) was sold to 
brickmakers. a serious nuisance was occasioned. 

At Rochdale an elaborate sectional treatment of the whole 
refuse was adopted. The excreta were collected by the pail 
system, and carted to a drying machine, consisting of a long 
revolving cylinder into which Ihe material was fed and subjected 
to hot gases from a destructor burning the general refuse, the 
offensive vapours being washed with water, passed through a 
cremator furnace, and ihence up a tall chimney. 

Town refuse may be roughly divided into that derived from 
streets, from houses, and from trades, Ihe latter, according to the 
Public Health Act, having to be separately paid for. House 
refuse is known lo be of most miscellaneous character, both in 
regard to organic and inorganic constituents. Mr. Young, of 
Edinburgh, states while in London the " fairly combustible 
matter" in the refuse is 64%. in Edinburgh it is 26%, The 
average total weight for London in 1 805 was stated to be " about 
one ton per annum for every four inhabitants, or ij million 
tons for the whole area." The old style of house dustbin was as 
^insanitary as the collection by dustmen was formerly dirty and 
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careless. Many types of portable covered metallic bins, witii 
daily collection, are in use both in London and the provinces. 

After the failure to profitably utilize the nitrogenous matters 
of refuse as maiiure, its carbonaceous consUluents were stil 
available by burning as sources of heat, after drying. Modern 
dust destructors, therefore, dattn;^ from 1876, generally include 
some arrangement for steam raising and electric hghl, with a 
view to saving to some e.vtent the cost of destruction. But the 
aspect with relation to liealth must always be the hrst consider- 
ation. 

The conditions necessary for destructors are ; — 

1. A temperature not lower than 1300° F. : in good forms 
1600° to 1800° is reached, and with forced draught by a steam 
jet or fans, up to 2000° F .can be in many cases attained by the 
burning of the refuse itself. The earlier forms, such as the 
" Fryer," were all of a " low temperature " type, reaching only 
750° to 1000° F. in the main flue or combustion chamber. This 
was not sufficient to deal with the effluvia, therefore Mr, Charles 
Jones, of Ealing, devised a " fume cremator," erected bet«'een the 
last of the fires and the boiler, througli which the whole of the 
smoke coming from the cells or fires had to pass. In the 
modern destructor the cremator is not found necessary, since a 
temperature of at least 1500" F. can be continuously maintained 
in the combustion chamber. 

2. A supply of sufficient oxygen to maintain steady com- 
bustion without over-cooling the gases produced. 

3. A suitable site. If this can be central lo the district, it 
will greatly save cost of cartage, etc., and facilitate disposal. 
Refuse properly cremated, with a high rhimney, creates no 
nuisance, even in populous neighbourhoods. 

4 Carriage to the works without offence. Improved covered 
carts are now constructed. The supply should be as regular aa 
can be managed. 

When the temperature of the furnace is not as high as that 
indicated above, the destruction may be imperfect, and the 
resulting clinker, instead of being hard, is soft, friable, and 
sometimes even putrescible ; indeed it is not uncommon for this 
imperfectly burned clinker to take fire again after being removed. 
Where used for steam raising, the boilers must be so placed as 
not to cool down too much the evolved gases. 

Street sweepings, which furnish a lai^e portion of the matter 
lo be treated in a dust-destructor vary very much in composition. 
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In 1892, ihe sweepings from asphalt pavements in Berlin con- 
tained : — 



Moisluri: 


... 38'89 


Ash 


... 3767 


OiBanic MatlCT 


"■■44 


Toliil nitrogen 


0-479 




0-004 


fboaphoric acid (P, J ... 


0452 


Poiash 


0'370 


Linie(CaO) 


1891 




0-347 



A sample representing the accumulations for four weeks of the 
sweepings from a street in Trenton, New Jersey, in 1895, yielded 
on analysis o- 1 8 per cent, of nilrogen. o- j per cent, of phosphorus 
pentoxide, and o-ig per cent, of potash ; this material was valued 
at 9C1 cents per ton. Tiic results of analyses of eighteen 
samples of sweepings obtained from the streets of Washington 
City ranged between the following extremes;- — Organic matter, 
35.5 and 10-2 i nitrogen, i-i8 and 0-17; phosphorus pentoxide, 
0.16 and 0.1 ; potash, 05 and o-o8. 

With regard to the fuel-value of dry refuse, authorities agree 
that it is about one-seventh to one-eighth that of coal. The best 
conditions, both as to prevention ol smoke and fume, and the 
concentration of heat for utilization, being a slow steady com- 
bustion, quick-burning materials do not prove to have any 
advantage. Thus at the ShoredJtch destructor, shavings and 
fine wood chips, the refuse of cabinet making, were " not so good 
fuel as the heavy house refuse," while "straw, paper, cardboard, 
and market refuse were found to be practically of no value as far 
as steam-raising was concerned." 

With a few exceptions, dust destructors consist of massive 
furnaces or cells with iron fittings, protected by a brick building, 
and surmounted by a tall chimney. The dust is brought 
in carts, up an incline, to a tipping platform about 16 or 18 
feet above the "clinkering floor" or ground level, and is dis- 
charged through feeding holes or hoppers into the upper part 
of the furnaces, where it meets the hot gases from the lower 
incandescent portions, and is thereby dried, the average amount 
of moisture eliminated being 30 to 25%. It is in this drying 
part of the process that tlie main risk of nuisance occurs ; in 
I many old processes it has simply amounted to a distillation in 
L which strongly odorous substances have cscai)ed witli the water 
ffapour. Therefore the aim has been (l) to raise the drying 
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gases to as high a temperature as possible ; (2) to subject the 
evolved vapours to a secondary cremation by passing through 
ignited material. 

Works on engineering must be consulted for details of the 
various forms of modem dust destructors. The different types 
have been adapted in different places to local requirements. In 
Midland towns, where privy middens still exist, their contents 
have been successfully passed through the destructors along with 
the ordinary dust. 

Colonel Moore states that " with an efficient special furnace 
about 6 cwts, of ashbin refuse can be burnt per hour with a good 
natural draught on a fire grate 25ft. square: this may be increased 
to one ton per hour with a forced draught or air pressure of from 
-i ^° 3i inches of water" He gives the cost at from £200 to 
;£500 per cell, according to conditions. 

The Horsfall furnace used steam jets to produce a forced 
draught, with the additional object that the steam, in contact 
with the incandescent fuel should give, as in the manufacture of 
water-gas, carbon monoxide, and hydrogen, burning with a very 
hot flame further up the flue. A feature in this type of destructor 
is the cast-iron " side boxes," through which the blast air is taken 
on its way to the grate, keeping the sides of the furnace com- 
paratively cool, and avoiding the destructive adhesion of fused 
clinker to the bridiwork, also at the same time heating Uie blast. 
At Geneva, Hamburg, and Monaco the original steam jets were 
replaced by blowers, which supplied air under a pressure of three 
inches of water. 

The " Decarie " incinerator is in operation at Montreal, and is 
being erected at Minneapolis, Minn. 

The Ueaman & Deas destructor has a forced draught, and 
a second fire-brick chamber where the gases meet a second 
air supply which completes their combustion. At Leyton, a 
destructor of this type has been used for dealing with a mixture 
of two parts of house refuse and one of sewage sludge, in the 
same way as carried out by Mr. Charles Jones, in 1884, at the 
Ealing destructor 

The quantity of water in the Leyton pressed sludge amounted 
to 65%, but the mixture was completely and satisfactorily burnt, 
yielding about 39% of clinker. The weight of water evaporated 
was equivalent to 0426 lbs. per lb. of material burnt. 

Meldrum's destructor, and Goddard Massey & Warner's form, 
are also used in several towns and include some distinctive < 
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features. At Hereford, a Meldrum destructor is lifting l^ 
million gallons of sewage through 33 feet in 10 hours, by the 

consumpLion of 8 tons of refuse. Mr. Russell" in reviewing the 
possibilities of combined refuse destructors and power plants 
hnds, that in the Shoreditcii destructor, taken as a type : — 

'■ I'he total amount of ref U!>e destroyed during a period of twelve 
months was about jfi.ooo tons, of which 92 per cent, was ordinary 
domestic refuse, 8 per cent, trade reluse, consisting of straw, paper, 
etc. Ihe plant consisted of six Babcock- Wilcox water-tube boilers 
and twelve refuse iumaces of the M an love- Al Hot type, each boiler 
being placed between two refuse furnaces, the hot gases from which 
were led into Uie boiler tubes through shore side-Hues, each boiler 
being provided with a special grate, on which coal might be burned 
if required. The refust, on arrival at the works, was carefully 
weighed, and was alterwards shot, without sorting, into trucks, 
which were raised by electric lifts (of which there were two) to the 
top platform. Un arrival at this point the truck, which was on 
wheels and fitted with an electric motor, was run ofl" the lift, on the 
overhead trolley system, to any position where il was desired to 
empty it ; the refuse was then lipped into special charging trucks, 
ont of which was provided for each furnace, and which was 
operated from the top platform by means of chain gearing. The 
average amount of refuse received per day was 84 tons, delivered 
between 9 a.m. and 5 p.m., although as much as r4D tons had 
been received in one day. It appeared 10 be impossible 
in ordinary working to guarantee a regular supply, and it was 
advisable to provide means of storage 10 cope with extra large 
delii'eries. This difficulty was met at Shorediuh by means of a 
large rectangular iron storage-bin fixed under the tipping plattonn, 
and holding about 60 Ions of refuse. The lifts and trucks were 
operated entirely by electricity. Forced air draught was supplied 
to the lires by electrically-driven fans, (he pressute in the ash-pits 
being lin. of water. 

The power obtained was used for driving motors and lor 
working ihe electric- light engines, and deducting the calori&c 
value of the coal occasionally used, Mr, Russell has arrived at 
the figure of Jd. per Board of Trade unit generated, as a fair 
statement of the result. He finds it advisable in practice to 
assist the refuse furnace by tlie coal iJres whenever the load 
reaches 250 to 300 kilowatts, allliough on many occasions a load 
of 400 kilowatts has been carried by refuse fuel only. The coal 
is never mixed with the refuse, but is burnt separately on the 
ordinary grade, under the boiler tubes. 
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" The refuse itself burnt freely ; the maximum temperature 
observed being 3500 deg. Fah., and the average 1500 deg. Fah. 
Considerable inconvenience was experienced owing to cold air 
rushing into fiues during clinkering operations, the trouble being to 
a great extent unavoidable, calling for a perfect system of damper?!. 
The clinker residue amounted \o 32-8 per cent., and was at 
present difficult to dispose of owing to the cartage from works to 
the outskirts of the town being high. It was suitable for making 
mortar concrete, and, when ground and mixed with Portland 
cement, made excellent paving slabs. The works were managed 
on the eight-bout shift system, seven days per week. The feetl 
water for the boilers was drawn cold from storage tanks by three- 
throw pumps, which forced it through economisers placed in the main 
Hues, ^here it was raised to a temperature of about loo deg. Fah. 
The water was then forced upwards into a large feed-water storage 
cylinder, 30ft. by 8ft., fixed about 20ft. above the boilers, and was 
connected direct to the main steam line, and which was therefore 
at the same temperature and pressure as the boilers, which were 
fed directly from this cylinder by gravity. The steam generated in 
the boilers, at an average pressure of i.^olb. per square inch, was 
disposed of mainly by the engines attached to the electric genera- 
tors, although a small portion of live steam was supplied to the 
public baths and wash-houses adjoining the electricity wotks ; 
e.xhaust steam was also supplied to the baths and free library, which 
were entirely heated from the steam raised by the refuse destructor. 

The average cost of burning the refuse during the second year of 
working, was zs. 6-gd. per ton. The amount of electric energy 
absorbed in dealing with the refuse, including electric fans, lifts, 
trucks, and lighting, mas 4-98 Board of Trade units per ton per 
annum. Evaporative tests show that with one boiler and two 
refuse furnaces it was possible, by the burning of ordinary refuse, 
to e^'apo^ale 28881b. of water per hour, from and at 312 deg. Fah. 

The average calorific value was o-gglb. of water per pound of 
refuse. The heating surface of each boiler was 1300 square feet ; 
the refuse grate area was 25 square feet, and the coal grate area 
was 27 square feet. The total amount of energy sold by meter 
to consumers was 1,031,348 Board of Trade units, including 
131,140 units supplied in the refuse destnicior. The total amount 
of refuse burnt was 26,201 tons, and the coal consumed 1.^44 tons 
(value ^1308 r4s,8d.). The item of cost per ton for interest and 
rerlemption of land and plant — not usually considered in connection 
with refuse deslrxictors — was a matter for serious consideration, and 
in the case of the Shoreditch destnictor plant, where land is very 
expensive, the charge worked out at practically is. per ton." 

Mr. McTaggart.* of Bradford, has shown that in most of these 
attempts at utilization 'he boilers were placed too close to the 
furnaces, so that the combustion was not complete and there was 
a nuisasce. At Ihe Bradford destructor they anticipated a 

• public Hialtli EHgiiUfr. Innuary a61h. 1901 
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revenue from the manufacture of concrete slabs. It was estimated 
that they could produce bricks 25 per cent under ordinary cost 
All the fuel used was some 18 cwt. of coke per week to re-start 
the furnaces. Fish refuse was dried in a steam-jacketted pan, 
and sold to a Liverpool firm who mixed it into a manure. This 
author considers that at present there exists no successful plant 
for generating electricity from refuse, and that steam raising 
should be made a secondary consideration. Combined stations 
frequently have produced a nuisance. The average cost of 
destroying refuse in most towns is is.i|d., but at Bradford it is as 
low as Qd., and it is hoped that at Southfield Lane it would be 
about 5f d. 
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Baciehial t'umfi cat ion — History of Ihe Idea anci of Early Experimenis — 
Mueller's Process^ Mouras' Automatic Scai'enger — Massachusetts— LondoBa 
— SuHon— Oswestry— l^eeds — Triple liliratjon or Contact— Hampton. I 



A PARTIAL recognition that natural purification of organic 
matter was due to living organisms was arrived at early in the 
present century, when Cagniard de la Tour discovered that 
yeast was a living plant, and Schwamm demonstrated that 
putrefaction was due Lo something in the air wliich heat could 
destroy, and that meat would not putrefy in calcined air. It was 
suspected, therefore, that organisms were the actual cause of decay 
and putrefactive change, but the powerful advocacy of Liebig and 
his school of the so-called " Catalytic " theory delayed the general 
acceptance of the " germ theory " for more than thirty years. 
"Catalysis" meant that some organic substances, in the act of 
undergoing decomposition, possessed the power of causing the 
alteration and decay of other organic substances in contact 
with them, and this mechanical, as distinct from a biological 
explanation, held its own until Pasteur proved that fermentation 
and putrefaction did not take place in the absence of living 
organisms, which he divided into aerobic, or thriving in presence 
of oxygen, and anaerobic, or growing without it. Their life 
history and character have since been elaborated by Koch and 
a number of other observers. On the other hand, the well- 
known purifying action of soil, beyond the mere mechanical 
straining, was. up to a late date, considered to be purely chemi- 
cal and due to oxidation E, Frankland, in 1873. had pointed 
out that " a filter must not be considered as merely a mechanical 
contrivance, the process carried on beinfj also chemical." 
This was true, but the necessity of the co-operation of life in the 
processes was at first almost ignored, more especially ns in 
nitrification, one of the most important of the actions, no accom- 
panying special organism had been discovered We now know 
that this was due to the fact that some organisms responsible 
for nitrous and nitric changes failed to develop in the gelatine 
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^^B or other cultivation media ordinarily used. In 1872. the Berlin 
^^H Sewerage Commission reported that sewage matter was con- 
^^H verted into nitrates, not by a. simply molecular process, but 
^^H by organisms present in natural sewage and soil. Munt/. Muller, 
^^H Marie Davy, and oLhers, also demonstrated in various ways how 
^^H the purification of sewage was accomplished by bacterial action. 
^^H In 1881, Hatton investigated' the conditions under which 
^^H oxygen was absorbed nnd COj and H produced by bacteria ; 
^^H and also examined the e^ect of adding nitre to sewage, and 
^^H concluded that " during the reduction of nitrates by sewage, CO, 
^^ is generated in the liquid, and perhajis free N given off, while O 
is absorbed." The e.V]ieriments were made with a meat extract 
which had been exposed for some time to the air and was 
" swarming with bacteria." This is not, however, exactly com- 
parable with the conditions in sewage, where intestinal bacteria 
and solid matter are present, 

Dr. Sorby, in 1883. remarked on the very large proportion of 
the detritus of faeces which was lost in the river, owing to the 
action of " countless thousands of living creatures," referring 
however, to the larger organisms visible under his microscope. 
Dupr6, in a report to the Local Government Board, in 1884, on the 
results of his experiments on aeration, stated that " the con- 
sumption of oxygen from the dissolved air of a natural water 
is due to the presence of growing organisms, and that in the 
complete absence of such organisms little or no oxygen would 

[be thus consumed." 
Notwithstanding this knowledge, the Royal Commission of 
1882-84, af'er deciding against the discharge of crude sewage 
into any portion of the Thames, prescribed " some process of 
deposition or precipitation, the solid matters to be applied to the 
raising of low-lying ground, or to Ije burnt, or dug into land, or 
carried away to sea," The latter course was resorted to as the 
only one that was thought available for London. 
In May, i8g6. Dupr^ " proposed to cultivate the low organisms 
on a larger scale, and to discharge them with the effluent into 
the river, as the power these lo«-er organisms had was remark- 
able" ; and at the Sanitary Congress, Bolton, in 1887. he said 
"whatever scheme may be ador^ted. except destruction of the 
sewage material bv fire, the agents to which the ultimate des- 
: 
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truction of sewage is due are living organisms, (not necessarily 
micro-organisms) either vegetable or animal. Our treatment 
should be such as to avoid the killing of these organisms, or 
even hampering them in their actions, but rather to do every- 
thing to favour ihem in their beneficial work." 

Meanwhile, Emich in Germany was experimenting on the 
changes which occurred in water and sewage on exposure to and 
after agitation with air. also the behaviour of sterilized water, 
and the influence of ozone and hydrogen peroxide. His investi- 
gations were published in 1885," and show that 

" When left standing, and after agitation with air, the self-purifica- 
tion only took place if the water had not been steriliMd through 
boihng, and had not been protected against the entrance of germs 
during the period of observation. If, however, sterilized water was 
afterwards fully exposed to the air, or if it was afterwards infected 
with ordinary water, the same changes took place in it as in 
non-sterilized water exposed to air, viz., the quanljtj- of potas- 
sium permanganate required for the oxidation of ihe organic 
matter, and the amount of ammonia, decreased with the formation 
of nitrous and nitric acid. A direct oxidation through the oxygen 
of the Mr did not take place ; and even one brought about by oztme 
and hydrogen dioxide plays only an imimportant part compared 
with that played by the biological process." 
An this had main reference to oxidation, which, as we have 
seen in earlier chapters, is only a later part of the cycle of 
changes through which sewage, and organic effete matter gener- 
ally, have to pass in the course of purification. The first 
hydrolytic. or dissolving stage, has been conducted from very 
early times in a leaky and objectionable way in the old cesspools, 
which, however, when well managed and under favourable con- 
ditions, were quite capable of giving a good result. 

The earliest modem initiation of the bacterial treatment of 
sewage appears, as Mr. Roechltng has pointed out,t to be due to 
Dr. Alexander Mueller.t about 1865, who came to the following 
conclusions : 

" The contents of sewage are chiefly of organic origin, and in 
consequence of this, an active process of decomposition takes plat- 
in sewage, through which the organic matters are gradually dissolved 
into mineral matters, or, in short, are mineralised, and thus becnme 
fit to serve as food for plants. To the superficial observer this pro- 
cess appears to be a chemical self- reduction ; in reality, however, it 
is chiefly a process of i^igestinn, in which the various — mostly 
microscopically small — animal and vegetable organisms utilize lh« 
organically fixed power for their life purposes." 

■ Mwol^krtU. vi . 77 Cht'i CnU.itbtaU. 18S5, J33 
I jBurnal «f thi Sociily ef Am. January Ttb. iRo" 
* Latii«irtku)utfilic\i Vnnuk-ilalieniM. xvi , iyj 
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^^^H " The decomposition of sewage in its various stages is character- 

^^^H ized by the appearance of enormous numbers of spirilla, then of 

^^^V vibrios (swaiming spores), and, finally, of moulds. At this stage 

^^^r commences the re-formation of organic substance, with the appear- 

^^^1 ance of the chlorophyl-holding proiococcus, etc.'* 

^^H It would seem from this, that Dr. Mueller realized the import- 

^^H ance of a preliminary change hrst taking place. 

^^H " Some time afterwards, Mueller look out a patent, in which he 

^^^B endeavoured to utilize the micro-organic life in sewage for the pur- 

^^^H pose of purification, and which was actually in operation at one time 

^^^^ to purify the effluent of some works for the manufacture of sugar 

^^^r from beetroot." 

About the same time the " Mouras Automatic Scavenger " was 
inaugurated in France. According to the Cosmos les Mandes. 
December, 1881 ; January, 1882 ; " this mysterious contrivance 
which has been used for 20 years, consists of a closed vault with 
a water seal, which rapidly transforms all the excrementitious 
matter which it receives into a homogeneous fluid, only slightly 
turbid, and holding all the solid matters in suspension in the form 
of scarcely-visible filaments. The vault is self-em plying, and 
continuous in its working, and the escaping liquid, while it 
contains all the organic and inorganic elements of the faeces, is 
almost devoid of smell, and can be received into watering carts 
for horticultural purposes, or may pass away into the sewer for 
use in irrigation." As to the theory of the action, it is said, 
" May not the unseen agents be those vibrions nr anxrobies 
which, according to Pasteur, are destroyed by hydrogen, and only 
manifest their activity in vessels from which air is excluded? " 

Observations with a glass model showed that " Ftecal matters 
introduced on August 39th were entirely dissolved on September 
l(ith, while even kitchen refuse, onion peelings, etc., which at 
first floated on the surface, descended after a time and awaited 
decomposition Everything capable of being dissolved acted in 
a similar way, and even paper wholly disappeared." 

" The principle on which M. Moiiras bases the action of his 
machine are that the animal deiecta contain within themselves 
all the principles of fermentation or of dissolution necessary and 
sufficient to liquefy them, and to render them useful in their 
return to the soil, and wnthout appreciable loss" 

A later article of January. 1883. by the Abbtf Moigno gives 
formuljc for the dimensions of the lank, estimating its superficial 
area as preferably i-ioth metre, or about i square foot per 
person The F.xeter tank. I may remnrk in passing, works out 
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to about 06 square foot per person. The article also specifies 
that " for the complete solution of the floating solid matter a 
period of 30 days should be allowed " and calculates that thii 
gives; — 



^-3+ ■ 



+30 



30 



.M 



as the total average amount of suspended matter present in the 

tank at any instant when M is the weight of suspended organic 
matter present in the volume of sewage dealt with per day. The 
size of the tank required is. therefore, not so large as to be im- 
possible with ordinary sewages, but the fact that the effluent 
from such a lank was not sufficiently purified without further 
nitrification prevented the "Aulomatic Scavenger" from being 
more generally adopted. 

At the time of the Royal Commission on Metropolitan Sewage 
Disposal, owing to the failure of most sewage farms to yield sat- 
isfactory results, precipitation and attempted disinfection or steri- 
lization, as described in the preceding chapters, were elaborately 
carried out In January. 1887, Mr. Dibdin. in a paper on Sewage 
Precipitation, at the Institution of Civil Engineers, observed that 

" One object claimed for the use of an excessive quantity of lime, 
and also for some other substances, is that they destroy the living 
organized bodies, such as bacteria, etc., which give rise to the 
phenomena known as putrefaction. ... As the very essence 
of sewage purification is the ultimate destruction, or resolution into 
other combinations, of the undesirable matters, it is evident that an 
antiseptic process is the very reverse of the object to be aimed at." 
He also remarked that "very alkaline effluents, such as those 
produced by the use of lime in excessive quantities are very liable 
to putrefy, instead of becoming purified by oxidizing organisms," 

Meanwhile, bacteriology had been advanced by a large num- 
ber of researches in various countries, at first directed mainly to 
the special organisms of disease, but gradually developing a 
knowledge of the larger class that are not pathogenic, but effect 
ordinary changes in organic matter 

In November. 1887. the Massachusetts State Board of Heal 
commenced their well-known experiments on the purification 
of water and sewage by chemical precipitation, and by filter 
beds. The two first volumes of their reports, extending to tSpo, 
are of classical interest as laying the foundation of the modem 
developments of bacterial processes. After summarizing the 
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results previously obtained in Europe, details are worked out 
of different filtering media, size of grains, thickness of strata, 
influence of time, temperature, and methods of procedure, the 
results of aboul 4,000 analyses of raw sewages and effluents 
being tabulated, At first they aimed al tiie removal or destruc- 
tion of bacteria by siraining ^nd chemical means without practical 
success ; laier they studied intermittent filtration with the actual 
nssistance of aerobic organisms. Their experiments showed thai 
all that was necessary to completely destroy dead organic matter 
was to provide conditions favourable to the action of bacteria. 
This they believed could 1^ fulfilled by providing suitable 
material on which the micro-organisms woidd be retained, sur- 
rounding them at certain intervals with air, and providing periods 
of rest. .'\ suitable material was sand, from four to five fee! in 
depth, and the surrounding the bacteria with air at definite 
intervals, and allowing periods of rest, was accomplished by 
under-draining the sand and by allowing the sewage to flow on 
the sand only six hours out of each twenty- four. 

At Worcester. Mass.. the sixteen experimental filtration beds 
are of coarse sand from which all pocket.'; of clay and quick- 
sand have I)een removed. They are each of about one acre 
superficial area, and are divided from each other by dikes, 
those containing the feed and drain pipes being raised six feet 
above the level of the tjeds, while those running perpendicular to 
these are only eighteen inches high. Tn order that certain of 
these beds should be fairly water-tight, the dikes surrounding 
them are lined with tamped clay. The drains of Akron pipe. 
laid with open joints, are six feet below the surface of the bed, 
and are fifty feet apart, the outer ones being twenty-five feet from 
the edge of the bed ; the first hundred feet of pipe in each bed is 
lO-inch pipe, the remainder is 8-inch. The drains connect with 
two 34-inch pipes, placed in the dikes between the beds, and by 
the aid of valves the drainage of each bed can be separately 
collected in order that the exact action of the bed can be tested 

The feed pipes are eighteen inches in diameter and are con- 
nected with split pipes, which in four of the beds extend across 
the entire distance of the bed in order to give an even flow over 
the whole surface of the bed. and the flow upon the bed is 
regulated by molasses gates placed in the manholes at the four 
comers of each bed 

By the process of intermittent filtration it has been shown that 
about 100,000 gallons of domestic sewage can be purified in each 



UAC'I-ERIAL PUKiKlCA'llON. 



i8j 



twenty-four hours on one acre of sand bed area, so tliat tbe danger 
of subsequent putrefaction is removed ; ;ind that using only from 
20,000 to 30,000 gallons per day, the product obtained is, as far 
as chemical or bacterial analysis can show, as pure as spring 
water." 

The effects of dilution with city water were also examined by 
the Massachusetts Board, and naturally, in an aerobic process, 
the main reliance was on nitrification. 

Though on rather too limited a scale to be exactly compar- 
able with practice, the general deductions have been amply 
confirmed by the success of larger sewage works on biological 
principles both in Europe and America. 

It soon became evident that if a filter bed were worked ccn- 
tinuously, it rapidly clioked, and putrefaction occurred in the 
interior owing to a deficiency of aeration, so that on the aerobic 
plan it was necessary to work intermittently, draining out the 
liquid, and allowing the entrance of air during regular intervals 
of rest- 
Otherwise it was necessary to have " very slow motion of very 
thin films of liquid over the surface of particles having spaces 
between them sufficient to allow air lo be continually in contact," 
a condition, however, which did not prevent the sand filters from 
becoming over-burdened and also greatly limited the amount of 
sewage treated. Moreover, the " thin film " oxidation of Mas- 
sachusetts requires large filtering areas with great labour to keep 
ihem in order — therefore, is exceedingly costly when applied 
to sewage^ — it is also attended with certain dangers from " chan- 
neling " of the beds by careless or too rapid working, or by frost, 
whereby it arises that the effluent escapes almost unpurified 
In the Massachusetts Report of i8qo, the process is compared to 
a combustion, and was found to tie most rapid in the summer 
months. This and the subsequent repiorts give useful information 
on the methods of analysis, fjesides observations of the number of 
bacteria and algse, and valuable description of the species found 
in the effluents. It must be rememfiered (hat sewage in America 
is usually weaker and of greater volume than it is in Europe, on 
account of the more abundant supply of water "I" 
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The work of the Massachusetts State Board of Health, as Dr. 
Kinnicut points out, still left uDsettled a number of important 
points, among which the most salient were: How could the 
sewage of cities be purified by bacteria where large tracts of sandy 
soil did not occur? How could the targe amount of suspended 
matter, like paper, wool-waste, and the other various forms of 
cellulose not easily acted upon by bacteria, be prevented from 
forming a layer over, and clogging up the sand? Could sewage 
containing large amounts of manufacturing waste, especially free 
acid and iron salts, be treated bacterialty? 

The quantity of sewage that could be treated by iniermitlenl 
filtration with permanent success had been sliown to be not more 
than 100,000 gallons per day per acre, much too limited a volume 
for towns and cities which would be obliged to construct beds 
with sand not in situ. This point was quickly perceived in 
England, where such sand is not of common occurrence, and the 
bacterial sewage work in England started with the problem : 
Can the amount of laml required by the intermittent filtration 
metliod be so reduced that the construction of artificial bacteria 
beds will be a practical possibility? 

The sewage of Lawrence City, in the Massachusetts investi- 
gation, had been run on the fillers without any previous purifica- 
tion, or even settleinenl. On the other hand, the sewage of 
London had undergone a previous preparation, by being treated 
with one grain per gallon of ferrous sulphate and 4 grains of 
lime, the precipitated sludge being then conveyed in boats to be 
discharged at the mouth of tlie Thames. It was hoped that the 
clarified liquid, after the precipitation, could be discharged into 
the river direct without creating nuisance. But it still contained 
about 10 parts per i.ooo, or y grains per gallon of suspended 
solids, and was by no means free from odour. The Royal 
Commissioners of 1884 had decided that (he liquid could not be 
discharged at the outfalls as a peimanenl measure, and required 
further purification by application to land 

!n 1866 an experiment with Londi^ii sewage as applied to 
land had already been made at Barking. The Metropolis Sewage 
Company obtained a concession to treat the sewage of North 
London, amounting to about 2.000 tons in nine or ten hours, 
on five or six acres of grass land on a light gravelly soil. The 
experiment was not a success, either culturally or with regard to 
the cleansing of the effluent But when we come to the 
200,000,000 gallons daily of London sewage, it will be obvious 
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that the requisite area of suitable land is entirely unattainable. 
This being recognised, and an extension of chemical treatment 
and precipitation having proved to be inadequate as well 
costly, the Main Drainage Comniittee of the County Council in 
i8gi authorized a series of experiments at Barking outfall, 
on the lines of the Massachusetts researches. From preliminary 
trials with small filters, coke-breeze appeared the most suitable 
material, although burnt ballast nearly equalled it in purifying 
efficiency. Sand and gravel effected a greater clarification, but 
the removal of dissolved organic matter, as measured by the 
reduction in the oxygen consumed, given by Mr. Dibdin's report 
was considerably less than with the coarser materials, while 
there seemed a tendency for this eftluent to become putrid, owing 
to deficient aeration from the closeness of texture, and the filter 
required frequent scraping and renewals. The average rate of 
working, including periods of rest, was 411,000 gallons per acre, 
or 250 gallons per square yard in 24 hours. For eight hours a 
day the effluent ran continuously, the fillers being kept full ; 
the filter was then emptied, and allowed to rest for iG hours. 

The figures given by Dibdin, who conducted the experiments, 
are as follows : — 

ClarificaiioM. as measured by the units of depth required to 
obscure a standard mark : Burnt ballast, i ; coke breeze, I ; pea 
ballast, ij ; sand 2\. 

Reduction of Organic Matter (oxygen consumed) ; Burnt 
ballast, 433 per cent. ; sand, 46-6 ; pea ballast, 52-3 ; coke breeze, 
62-2. 

The report adds significantly " the number of organisms in the 
tank effluent before filtration, and in the filtrates, was found to 
vary very considerably, /Aose in the hllrate being generally present 
in larger numbers; but it soon became apparent ..... that 
the presence of a large number of organisms was evidence of the 
activity of the process of splitting up the organic compounds in 
the sewage matters passing through the filters Here it is clear 
that the main purification was bacterial, and only the begiiming 
of a further resolving change to be carried on in the river. It 
would undoubtedly have been an advantage if the biological 
process so initiated could have been allowed to develop a further 
stage in the filter, but llie prescribed object of the experiments 
was " the attainment of the highest rate of speed consistent with 
such purification as would remove the obvious 
characters such as odour, colour, and liability to pulre: 
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The further experiments with a oue-acre coke breeze filter at 
B;irking are well known As al Massachusetts, it was foiiud 
thai continuous running resulted in clogging and a foul effluent, 
and that to obtain the best results the commencement must be 
made with small quantities of liquid, the filter, which was com- 
posed of 3 feet of coke breeze and 3 inclies of gravel, being at 
first merely filled and emptied twice a day. with a view to pro- 
ducing au active bacterial bed. Daily determinations were made, 
from which the following averages are computed : — 

Average Analyses from One-Acre Filter (Diboin), 



l)^.,- 


pet acre 
P"r day. 


4 hv<xv>. 


.\lbuniliiDM 


'"i'SK.'U' 






600,000 
1.000,000 
1. 000.000 
1.000.000 


Effluux 


Fii™. 


Emuci.1 


Kil.r.w 


Efflun^l 


Fll.r.ie 


April 7 th lu 1 
Inno gth, 1894 1 
Aug. 3rd to \ 

Nov. 9ih, 1894 ; 

Nov., 1894 lo 1 
March, 1895 J 
April 8th to i 
April 2oih, 1895 f 
jfmytoSept,. .895 


5-83 
6 61 


I 23 

>i3 

1-26 


■593 
■563 
■345 
■5H 


■138 
■158 
160 

-146 


•181 
■031 
■J63 
■204 


■34a 
'100 


79 '3 
79-6 
77'3 
73 '4 
So-7 



The highest efficiency reached was 83 per cent, purification, 
with a million gallons daily and a shorter time of rest. The 
filter was finally worked on the system considered to be the 
best at Barking, Exeter, and Sutton, namely, alternate filling, 
resting full, and emptying, with a periodical entire rest empty 
for complete aeration. At Barking, the filling occupied two hours, 
the standing full one hour, the emptying five hours, so that three 
cycles of eight hours were completed each day. From 10 p.m. on 
Saturday, till 6 a.m. on Monday, the filter rested empty, making 
a period of 32 hours each week. This weekly rest involves the 
storage of the crude effluent in reservoirs for the corresponding 
period— a practice which has many objections. At Exeter, 
where Ihe flow through the septic tank is continuous, and no 
reservoirs are employed, the cycles are continued, by means of 
the automatic gear, tliroughout the entire week, but if a ftlter 
shows signs of exhaustion, which occurs at long intervals, or 
rarely through accident, it is thrown out of use for one or two 
L weeks till recuperated 
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The one-acre filter is still in use. It is reported that after five j 
years' working it is free from clogging, and its working capaciQr. j 
is not impaired. 

It will be noticed that ihe Qltering material is only 3 feet deep^ | 
and that it is used for treating an effluent from precipitation by 
lime and copperas. In i8g;-8 new coke beds were constructed 
at the Northern and Southern outfalls for dealing with raw 
screened sewage, and were made of greater depths, 6, 9, 4, 6, and 
13 feet. 

In a report of the London County Council giving the results j 
of the working of these beds up to August gth, 1898, Dr. Clowes | 
and Dr, Houston show that tliey have been continuing the 
experiments on the lines of Mr. Dibdin, with special reference to j 
the following points: 

"(rt) The effect of using the coke in fragmenU about the size 
of a walnut. 

(i) The efferl of increasing the depth of the layer of coke 
beyond the usual limit. 

(i) The extent to which the raw sewage underwent purification 
by the treatment. 

id) The practicability of maintaining the constant " (meaning, J 
clearly, regular intermittent, not continuous) " passage of 1 
sewage through the same coke-!jed, without deterioration, either \ 
in the bed or in the effluent. 

(f) The amount of sewage which could be treated daily by 3 
superficial unit of the coke-bed, 

(/) The extent to which the effluent underwent further improv- 1 
ment by its passage through a second similar coke-bed. 

{£) The suitability of the effluent for maintaining the life of J 
fish. 

(Ji) The effect of the treatment on the number and nature of 1 
the bacteria which were present in the raw sewage." 

The report shows that Ihe size of coke is of importance -. 

" The use of ordinary gas coke, in pieces about the ; 
valnuts, seems to be alteiided with the following advantages, as 
compared wilh the use of smaller coke. The larger coke enables 
the bed to hold a larger volume of sewage. The beds now in use 
had an original rapacity for sewage whidv was nearly equal to the 
volume of the coke which they contained, in place of only 20 or .^o 
per cent, of that volume, as is shown by beds containing smaller 
coka The use of the larger coke also allows the bed to be more 
rapidly filled and emptied, and to be more completely emptied 
and aerated." I 
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^^H The increase of depth of the beds beyond 5ft. as I had prediet- 
^^H ed in my Cantor lectures, has not been attended by higher 
^^H efficiency. The report stales that " coke beds similar in character, 
^^H but differing in depth, have been found to give practically 

^B^ identical purifying effects with n 4fl. and a 6ft. bed. A bed 

13ft. in depth .... has given a purification approximately equal 

to that effected by the 4ft, bed." The depth is always of great 

importance both as to fall, volume, and cost. In the intermittent 

system, the bed is really used at intervals as a storage tank, so 

that, in this sense, greater depth means higher capacity. 

In the report of July 38ih, 1900 (p.59), Dr. Houston says 

"it must be admitted that the 13ft. coke-bed at Crossness yielded 

vei)" unsatisfactory results from the bacteriological point of view. 

Thus, althuugb the effluents usually contained fewer bacteria and 

less of B. coli and spores of h. enleritidis than the crude sewage, 

the reduclicHi was not well marked, and indeed was immaterial from 

the epidemiological point of view, considering the actual number 

still remaining. For, as has been already pointed out, the effluents 

usually contained more than one million microbes, more than 100,000 

B. coli, and at least 100, but less than 1000 spores of B, enKritidis 

spon'g^nt, per c.c." 

An important point is that the capacity of the 4ft bed 

had, during lo months, been reduced from 50 to 33% of the 

whole volume of tlie bed. " mainly due to fragments of straw 

and chaff, apparently derived from horse-dung, and to woody 

fibre, derived from the wear of the wood pavements. ... The 

original capacity is not restored in any degree by prolonged 

aeration, which proves that the deposit on the coke surface was 

not organic matter of animal origin, but it has been found that 

the vegetable tissue, which seems to be the main cause of the 

difference in capacity, can be in great measure separated from 

the raw sewage by a brief period of sedimentation before the 

sewage is allowed to flow into the coke bed."* It should be 

noted that it is earlier stated in the report that " the sewage had 

been roughly screened before reaching the coke beds, and was free 

from larger matter usually described as ' filth.' and from coarse 

sand and heavy mineral road-detritus . , ." so that as I have 

always insisted, the additional sedimentation would mean a 

further evasion of complete bacterial treatment, and a production 

of a further amount of supplementary sludge. 

A strong confirmation of the suggested origin of the loss of 
capacity is found in the remark that " the ash in the coke has 
* Compati: Waring's and Lcjwct)Ck'9 Expcrioienia 
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been reduced in amount by about 25% during its exposure to 
sewage in the coke-beds." — cellulose being nearly ashless. 

These results con&rm ihe view which has been frequently urged, 
namely, that tliese non-animal substances cannot be successfully 
destroyed without anaerobic action (see Chapter V.), by which 
they are dissolved with production of gas. They are the great 
difficulty in all processes where the first or hydrolytic change is 
not properly specialized. The degree to which the nitrogenous 
matter is dealt with cannot be traced from the report, as only the 
" oxygen absorbed " figures are given, and it is obvious that if the 
non- nitrogenous matter is arrested by the filter bed, the improve- 
ment in the effluent as measured by the oxygen -consumed figure 
must in part be attributed to this cause, at the expense of clog- 
ging, or diminution of capacity. 

I have already remarked that the first stage requires /to oxygen, 
and is actually hindered by it, the second requires some, wliile 
the third demands a very large and rapid supply. In place of 
providing three separate areas in which these conditions are care- 
fully and continuously observed, as we should in the culture of 
plants which required different amounts of water, heat, or 
manures, it is attempted to ahemate them in Iwo receptacles by 
causing the air in each to be cut off and supplied intermittently, 
and the sewage to be either stagnant, or run in and out with a, 
rush, with the result that the bacteria are periodically disturbed, 
and neither class of organisms can work under their normal vital 
conditions. My own analyses and those of others have proved 
that under the intermiUent system, first adopted from the labora- 
tory experiments of Sir E. Frankland in 1870, the effluents, 
although the average results show a great improvement, yet 
manifest such fluctuations in character, lending to be periodic, as 
show that the quiet and regular working of the bacteria suffers 
avoidable interruption and interference. A small significant 
fact is that the discharge from the fine beds at Sutton and Exeter, 
and I believe in other places, is always, at the first rush, turbid and 
of inferior quality, as a consequence of disturbance. Dr. Clowes 
also in the above report remarks on the occasional turbidity of the 
effluent, " apparently due in ordinary flow mainly to the presence 
of bacteria." 

The want of provision of a separate area for the first stage is 
often concealed by the fact that where the sewers are old, or of 
great capacity or length, or when the sewage has been stored for 
sedimentation, the first, or even a part of the second stage may 
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have actually been passed through before arrival at the works, 
so that the liquid may be quite amenable to the third stage of 
strong aeration, such as is supplied by Lowcock's. Waring's and 
Ducat's systems. 

A few other points of the Loudon County Council Report 
rema n to be noticed. The description and working of the filter 
beds will be described in connection willi filtering materials. 
As to the effect of the effluent on fish: — 

" Fish die at once when they are placed In the present effluent 
produced by chemical precipitation, probably because there is a 

serious deficiency of dissolved oxygen in the liquid "* 

Various fish " have lived for months in the first effluent from 
the coke beds, and would apparently live and thrive in this liquid 
for an indefinite period." 

In a supplementary report by Drs. Clowes and Houston, 
(October 26th, iSgg), the former finds that the cellulose deposit 
on the coke containing " some fine coke particles and sand 
grains, cotton and woollen fibres, and diatoms, but consisting 
largely of chaff, straw, and woody fibre," caused a diminution of 
capacity of about one per cent, per week in the ijfl. bed, but that 
this was reduced to 064% per week by previously sedimenting 
the sewage in a partitioned wooden trough. The sediment was 
inoffensive and contained 52 to 70% of combustible matter. 
Dr. Houston found 1,800,000 bacteria per gramme of deposit, 
not accounting, however, for its amount, as " this number of 
typhoid bacilli, for example, weigh only 0000147 S^^-" The 
character of the bacteria differ somewhat from those in crude 
sewage. There were more B. enteritidis and fewer coli. Proteus- 
like germs were abundant, with B. frodigiosus. luborescens, and 
an allied form From colour tests and inoculations he concluded 
the probable presence of tubercle bacilli ; in only one case 
however, was a fatal effect produced on animals. 

Following the success of the Barking experiments, an installa- 
ion on the same principle was started at Sullon. Surrey, at the 
beginning of 1894. The filters were of different materials, but 
again showed coke breeze to be the best, with burnt ballast as a 
good second, the latter being very simply constructed by digging 
out the clay to form a pit about 3 feet deep, and filling it up with 
the same clay after burning, the cost of a filler of this kind, 
having an area of rather more than one-tenth of an 

• 5«? Chapter VII , p i^o 
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given as less than ;£ioo, including all charges. It will be re- 
membered that the cost of the Barking one-acre coke-filter was 
stated as £2,000. 

Up to this time the filters had been fed with an " effluent " ; 
that is, a sewage prepared by straining, partial chemical precipita- 
tion with lime and ferrous sulpliate. and sedimentation. 

At Sutton, in November, 1896, chemical precipitation was 
definitely abandoned, but an important feature of mechanical aid 
was still retained, since the raw sewage was " screened from 
grosser solids " by a revolving wire drum already described (p. 
132). From two to three tons of solid matter per million gallons 
of sewage thus escape bacterial action * 

From the screen the liquid passes on to the top of pits filled 
with coarse burnt ballast called variously "bacteria tanks" or 
"coarse filters," analogous lo the "roughing filters" of former 
systems, but differing from liieni in the intention not only to re- 
move solid matter, but to alter it bacterially. The effluent, though 
greatly improved, is liable to secondary putrefaction, therefore 
it is distributed by channels over fine beds of coke-breeze, whence 
it issues at intervals as a liquid usually clear and deprived of 
offensive character. 

After three months' working, Mr. Dibdin was able to give a. 
satisfactory report. The oxygen consumed by the organic 
matter was reduced by the tank 66 per cent., and by the filler 
beds 865 per cent. The solids in suspension were reduced by 
the tank 95 per cent, and by the filter 99.6 per cent., while the 
filtrate was practically clear, had no objectionable odour, and 
did not putrefy on keeping. The process has continued to the 
present time with satisfactory reiiulls, except when the filters were 
overlaxed, " some of them." as Mr. Dibdin reports. " having been 
purposely worked up to a rale of nearly three million gallons per 
acre per day with the result that the bacterial action was evidently 
checked, as shown by the decrease in the production of nitrates, 
and an increase in the quantity of organic constituents in the 
effluent. As the result of careful watching, however, no perma- 
nent harm was done, as the filters were immediately restored to 
their usual condition, when ihey proceeded to give good results." 
Here apain we gather that when there is reliance on presumably 
aerobic filters and organisms for combined liquefaction and 

• Thndichiim, Soc of Engineers. December jih, 1898. In :899 ihe roiary J 
tcreen wu abandoned in Tavour of a delrilus lanli, which has now in ' 
tieen convened into a Bsptic lank by trapping both inlel and ouitel 
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^^^1 nitration, indiscriminately, in the same receptacles, the result is 

^^^M apt to be variable, and to depend on "careful watching," an 

^^^P inference that is borne otit by Mr. Dibdin's figures as given in 

^^H his later report of analyses during 1896 and 1897. 

^^H The average results in Iiis table I have calculated, for the 

^^H "purpose of comparison, to a uniform chlorine content of 12-84 

^^H parts, which is the average given for the Sutton crude sewage. 

I SuTTiJN System (lUms per 100.000). 
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It will be observed that the chief purification occurs in the 
bacterial tank, and that a large proportion of it consists in the 
removal of the suspended solids. 

During the two hours of resting full, a mixture of organisms, 
of which I believe a great proportion are anaerobic, as indicated 
by the large production of nitrites, are liquefying the sludge. It 
was estimated that in the three tanks 80 tons of dry matter had 
been thus reduced from November, 1896, to December, 1897. 
During the period of resting empty, the aerobic bacteria are 
supposed to be at work, although, according to Mr, Dibdin, no 
air enters except that drawn in while emptying out the liquid. 
The subsequent coke breeze filter is intended, under the same 
conditions, to be entirely aerobic and nitrifying, I pointed out 
in 1896 that as the organisms producing nitrates require much 
oxygen (p, ico) and we know they do not thrive in a water-logged 
soil, their action is almost entirely confined to the periods of 
emptying and resting empty. The prevalent fault of these fine 
or secondary beds on the Sutton system is the deficiency of 
aeration, resulting in a generally low nitrification, shown also by 
the presence of nitrites. Thus at Exeter in 1896 I found that 
the discharge from the Dibdin filters contained ordinarily only 
2-7 to 3-0 c.c. of oxygen per litre, or less than half saturated, with 
about I part per loo.cxx) of nitrogen as nitrates, whereas in a filter 
which had rested for some time the nitric nitrogen in the first 
discharge was 2 parts per roo,ooo. The Leeds report. 1900, 
mentions that large quantities of nitrates were produced in the 
resting periods. In one instance where the filtrate had deterio- 
rated and the nitric nitrogen was 016 parts, after a rest of 18 
days it advanced to 34 parts per 100,000. and the capacity at the 
same time increased 21 per cent, (see also page 246). 

It will he noticed, further, that the Sutton sewage has already 
been broken down to a very considerable extent, as shown by ' 
the 1253 parts of free ammonia, and only 113 parts of ' 
albuminoid. 

The following further details of the Sutton works are ab- 
stracted from reports of Mr. Chambers Smith, the Surveyor: — 

Area of the Urban Sanitary District, 1835 acres; estimated 
population in 1899, 16,500 ; inhabited tiouses, 2,687. The 
separate system prevails, the storm -water being conveyed in 
distinct channels, while the sewage is delivered to the farms bv 
1 outfall sewers; the high level aiin. diameter. 



low level I 



Sm. 



The works were constructed in 1891-3 for I 
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3 gallons. 



chemical precipitation and broad irrigation. They c 
only i8 of which, however, are capable of irrigation. 

I'he average daily flow delivered to the works is 5c 
120,000 gallons from the low level having to be raised by two of j 
Atkinson's Cycle Has Engines of eight nominal horse-power each, 
and two pumps of the piston and plunger type, I5in. diam. ancl 
t5in. stroke, each capable of rai.sing ao.ooo gallons per hour 
through a yin. rising main 66oft. in length, with a vertical lift of 
3,1 ft., while running at a speed of 33 revolutions per minute. 

Up to November, 1896, the whole sewage was precipitated by 
means of 9 grns. of lime and i gms. of copperas per gallon of 
sewage, and the .settled liquid pas.sed on to land. The soil, 
london clay, acting unsatisfactorily, in 1895-6, on the advice of 
Mr. Dibdin, two " fine-grain bacteria filters " were constructed for 
the treatment of the precipitated effluent. The sludge from the 
precipitation was pressed into cake at a cost of ^1 per wedc, but 
there was no demand for the proiiuct, and " the nuisance which is 
inseparably connected with the process was highly offensive." 



^^H In November, 1896, the Sutton Council, on Mr. Dibdin's 

^^ suggestion, constrticted bacteria beds for llie treatment of crude 
(screened) sewage. One of the chemical precipitation tanks was 
filled with burnt clay ballast, jft.Gin. deep, the bottom having a 
6in. main drain with a screw-down outlet valve, and 310. branch 
drains 6ft. apart. The bed " is charged to within six inches from 
the surface, and tlie sewage remains in contact for a period of 
two hours, after which the outlet valve is opened and the fillrate 
is drawn off, to be further purified on fine-grain bacteria beds, 
after which the effluent is in a fit condition to be discharged into 
the brook, and is uniformly superior to the eUluent obtainable by 
land treatment The coarse grain filters are charged three times 
per day, an interval of rest of not less than two hours being 
given each filter after its being emptied. The sludge is absorbed 
by bacterial agency in the beds, and does not accumulate or 
manifest itself. No, I bed has continued at work with short 
intervals of rest (about one week in six) almost daily, without a 
renewal of the filtering material. The beds are, moreover, free 
from any offensive odour. The automatic rotary screen is 
driven by a Poncelet water wheel, actuated by the sewage, and 
is very effectual The filterinsj. discharging, and regulating the 
flow of sewage into the filters are controlled by Adams' auto- 
matic apparatus,' The advantage of the apparatus is that there 
arc practically no working parts to get out of order, and labour 
is dispensed with. 

• rhapiei XII 
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Experiments prove that coarse grain filtera worked on the' 
contact principle, may be constructed of a numerous class of 
materials, and that different districts may adopt materials which 
are obtained locally, and often at a small cost, although it may 
be observed that porous coarse-grained material, such as coke 
and burnt ballast, effect a greater degree of purification than do 
fine-grained impervious materials such as granite, slate, etc. 

The total cost of the farm when formerly worked on the 
chemical precipitation and broad irrigation system was for the 
year ending March 31st, 1895, £15 iis.ird. per million gallons 
(taking into account the amount earned by the farm and sale of 
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^^^ ^taKing mto account tne amount earnea oy tne larm ana sale ot ^^^ 
sludge, which was £117 7s.) ; it is now £3 195. with the biological ^^H 

system." ^^H 

^^_ At present only part of the sewage is treated bacterialty. The ^^H 

^^^b beds have been working for the last four years, the coarse bed ^^H 
^^^P dealing with the screened sewage at the rale of about 100 gallons ^^H 
^^* per square yard per day, and the fine bed at a rate of 150 ^^^ 
gallons per square yard per day ; 10 acres of beds are, therefore, 
required to treat three million gallons of sewage per day after it 
has been properly screened. 

In June, 1899, in connection with an enquiry at Newmarket. I 
was asked to make a special examination of the Sutton results 
for the Local Government Board. The samples of raw (screened) ' 
sewage, coarse-bed effluent, and fine bed effluent were so collected 
as to represent the working of one pair of beds on one day, the | 
average samples being obtained by taking equal volumes at 
intervals of five minutes throughout the whole period of filling 
or discharge. 

The gaugings of the two beds were given to me as — 1 

Coarse bed 6600 gallons 

Fine bed 4369 gallons I 

The volume sampled was, therefore, approximately ig,8oo gals, 
of screened sewage, of which 13.IO7 gallons were subsequently 
passed through the fine bed. 

The area of the coarse bed was 33 x55ft. = 30lf sq yds., and 
it was therefore dealing with the liquid at the rate of i03 gallons ' 
persq-yd. perday. while the fine filter with an area of 833 sq. yds. \ 
dealt with the coarse filtrate at the rate of 157 gallons per sq. yd. 
per day. or approximately for the double filtration, ten acres for j 
three million gallons of screened sewage 1 

My analytical results are summarized on p. 195. 
The distribution of the liquid over the beds at Sutton is still of 
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the simplest type; a single gutter, with a distinct slope, nins 
centrally to within about two feet from the end. The entering 
sewage runs down at first to the further end of the bed. then as 
that fills up it mounts higher and higher in the trough till it reaches 
the near end. The effect is that the parts of the ballast below 
the end of the trough have lo deal with nearly the whole of the 
incoming sewage, while the material at the near end only becomes 
slowly saturated with the liquid rising from below. The dis- 
charge is made by drain pipes laid on the foundation of the bed, 
therefore is fairly even for the whole surface. But this irregu- 
larity of contact between the material and the liquid revealed 

ielf in some of the figures of the individual analyses. 
' The suspended solids in passing the coarse bed fall from 6i to 
fl8, the difference of 43 must be retained. Its liquefaction, as I 
have pointed out, is mainly an anaerobic process, actually 
antagonistic to the oxidizing and nitrifying changes which are 
intended to occur in Ihe fine bed. It is proved, however, by the 
increase of combined nitrogen in solution from 3-4 to 4'i parts, 
that the fine bed has had in this case to supplement the coarse 
bed in dissolving nitrogenous solids. 

The general lowness of the free and albuminoid ammonias 
with high organic nitrogens is probably explained by the fact 
that the effluents were analysed in such a fresh state that the 
nitrogen was mainly present as urea, since this compoimd does 
not readily yield its nitrogen by distillation with alkali or per- 
manganate, but is completely changed into ammonia by the 
Kjeldahl process, hence would appear as organic N. It is well 
known that before urea can bo nitrified it must be hydrolysed 
into ammonia : the first stage should be effected in the coarse 
bed, the second in the fine. 

On the other hand, during the 13 hours of rest and aeration 

that had elapsed before the first samples were taken, the coarse 

i had temporarily assumed a nitrifyinfj function, as shown by 

• very considerable amounts of nitric nitrogen found, with a 

■ quantity of nitrite, and only a slight reduction of the 

ygen consumed. Later in the day, when the rest periods are 

lorter, all this nitrate disappears, with a heavy fall in the total 

■lutrogen, and a considerable lessening of the oxygen consumed 

There is little doubt that this is explained by a Gayon and 

Dupetit reaction, by which nitrates and organic nitrogenous 

^^matter decompose one another, the oxygen of the nitrate burning 

^Btap the carbon, iind nitrogen or oxides of nitrogen being evolved 
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as gas. Possibly the disturbance occasioned by the formation 
of this gas accounts for the extraordinary variations in individual 
samples, and for the high suspended matter occasionally met with. 

In this case we have actually a re\ersa! for a time of the 
..functions of the two beds, and a violation of the law that "the 
jacterial changes should be carried out with regularity and in 
laatural sequence." 

A great divergency was noticed in the successive individual 
samples, taken at 15 minutes interval, and can be accounted for 
by the interference of the filling material with the free mixing of 
the sewage, so that zones and channels are formed through 
which the liquid flows at varying rates. The effluent issuing at 
successive intervals of time comes from different layers and parts 

I of the beds, and really represents sewages of different hours or 
even days, as proved by the individual chlorine fi^jures. 
At Oswestry the Sutton system was adopted in the beginning 
of 1898. The material for the beds was obtained by screening 
from an old refuse tip, from which, according to the engineer, 
everything excepting hard carbonaceous matter had disappeared. 
The coarser portions are used for the "primary" filters, 4^ feet 
deep, corresponding to the Sutton " bacteria beds," and the inter- 
mediate portions for the " secondary " filters, 4 feet deep, intended 
to be equivalent to the Sutton coke breeze. This screened refuse 
costs about is.3d. per cubic yard in the filter beds, and is believed 
to be already charged with organisms. The crude sewage is not 
passed at once on to the beds, biit is previously clarified by sub- 
sidence in a large settling tank in two sections, used alternately. 
About half the sludge settles in these tanks, and is removed 
weekly, mixed with the dust screened out of the town refuse, and 
sold as manure. The population of Oswestry is 10,000. the dry- 
weather sewage 300.CX50 gallons per day, and the water supply 20 
gallons per head. Total cost of works (when completed), 
;Ci,8oo, annual working expenses about ^£"80, 

Leeds, with the Sutton method in 1898, experienced much 
difficulty owing to " sludging-up " of the beds, but by increasing 
the periods of rest so as to allow the retained organic matter to 
be dissolved, and by the introduction of finer screens, which 
remove a greater portion of the suspended solids (sludge) to be 
otherwise dealt with, more satisfactory results were obtained. 
However, if the reslmg period was too prolonged. " the large 
_ increase of rapacity gained by rest was, to a great extent, lost 
irithin a short time." Thus the capacity regained by a rest of 38 
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days fell again in a fortnight from 56.500 to 45,800, or 10,700 
gallons. Probably the long aeration had destroyed or enfeebled 
the anaerobes, and the liquefaction was therefore suspended until 
an anaerobic state was restored. Moreover " the drying up of 
the spongy matter during lengthened rests accounts to a great 
extent for the increase of capacity on re-starting, which is mostly 
soon lost," Another cause of diminution of capacity in rough 
beds of clinker was found to be that the material had sunk and 
become consolidated, in consequence of the alternate filling and 
emptying, and the slight rise and settlement at each turn of the 
work. This is liable to occur with all materials in intermittent 
filtration. 

The report recommended that experiments should be at once 
undertaken " to ascertain the effect of the septic tank treatment 
for the destruction of the solids in suspension ; also to see how 
far an open septic lank, or upward septic filtration through coarse 
material, covered with a layer of sand, would be effective in 
destroying the sludge, and so far relieving the filter beds." 

Four hundred thousand gallons of sewage per day was dealt 
with on ^ acre of coarse bed and J acre of fine bed, or 1 acre in ail, 
after the grit had been removed in a settling tank, and the grosser 
solids (paper fibre, etc.) screened off. This gives a minimum of 
50 acres of beds, for 30,000,000 gallons ; but in order to have 
spare beds, it was recommended to have 70 or 80 acres, or say 4. 
acres per 1,000,000 gallons. 

Leeds, under the old system, would have to deal with 300 tons 
of sludge per day, or say 100,000 tons per annum. By settling 
the grosser solids, the suspended matter could be reduced, accord- 
ing to the same report, from 37-2 grains per gallon to 25 grains 
per gallon, and the filter beds would not then sludge up. This 
leaves, however, about one-third of the total quantity, correspond- 
ing to the too tons of sludge per day of the present precipitation 
process still to be disposed of. 

Since that date these experiments have been carried out, and 
good results have been obtained with either open or closed septic 
tanks ; after working 14 months, nothing being withdrawn, " the 
tank was no fuller of sludge than six months ago," and the 
purification, after passing through coke, was 90%, The City 
Council decided to purchase the Gateforth estate of [882 acres 
of light loam over red sand, to which the raw sewage would 
gravitate 14 miles through a culvert, to septic tanks, coke beds, 
and an irrigation area if required. The bill wa.s. however, rejected 
by Parliament in 1901. 
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At Leeds coarse beds lo feet deep have been successfully 
worked at the rate of 200 gallons per square yard (or i million per 
acre) per day for septic effluent. 90% purification was obtained 
and it proved that storm waters could be dealt with in this way. 
The solids which pass through the continuous filters are 
absolutely nonputrescenl and contain about 50% of ferric oxide 
and silica. Experinienls at the end of 1900 were being made to 
see whether these solids could be finally removed by a settling 
tank, the process being (l) open septic tank (3) continuous filter 
(3) settling tank. 

An interim report in July, 1900, after the experiments had con- 
tinued for 3 years, states that the decrease in capacity in contact 
beds was still so serious tiial they could not be regarded as suit- 
able for Leeds sewage without preliminary treLiiment. The fault 
" was partly due to the disintegration and settlement of the coke 
and clinker of which the filters were formed, and partly to the 
accumulation of sediment in the interstices of the filtering 
materials, much of this sediment being irreducible, and. therefore, 
unaffected by the periods of rest which were given to the filters, 
... If, therefore, contact-beds were to be used, the problem 
would be (i) to find material of sufficiently even size not liable 
to degradation ; (2) to reduce, as far as possible, the solid matter 
put on to tile rough beds ; and (3) to exclude and treat separately 
all iron liquors." 

" Sutton," or " Dibdin " beds have been adopted at a large 
number of places. At Manchester, experimental filter beds on 
the same principle have been named " double contact beds." 

As it became gradually evident that the two beds, coarse and 
fine, even with preliminary screening or sedimentation were not 
exactly adapted to the three processes of bacterial change that 
we have mentioned, a third bed, or " triple treatment." was in 
many places adopted. In the Manchester enquiry of iSpg, it 
was stated that if the " double contact " did not suffice, they would 
employ a " third contact" 

An example of this triple Ireatment is found in the Hampton 
Sewage Works in the beginning of 1899. Much engineering 
skill was required to overcome the difficulties of level The 
sewage, as it is forced to the out-fall by air compression, passes 
through screens on to a triple series of Dibdin beds in terraces, 
with 5 beds in each terrace, the upper beds being 34ft by 50ft 
by 4ft. deep, filled with clinker that has been rejected by 
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_ inch mesh ; the middle beds 35ft.6iQ. by S4ft by 4ft. deep, 
clinker passed by ^-inch mesh, freed from dust ; the lower 
35ft.6in. by 58ft by 4ft., " filled with finer material wluch might 
be called clinker sand." 

Each bed is allowed one hour for filling, one for standing full, 
one for emptying, and four to five for resting empty and aerating, 
giving three turns in twcnly-four hours. The results are reported 
to be excellent, and no complaint has been made by the Thames 
Conservancy. In conformity to the requirements of the Local 
Government Board, the effluent is raised by an air-lift, discharged 
on to 20 acres of gravel land, thence passing through sub-drains 
into an effluent pijie 3 miles long, delivering into the Thames 
below the water companies' intakes. It is officially stated that 
the effluent instead of being improved, actually "becomes dete- 
riorated by being passed through the land." 

Population of Hampton 6900. dry-weather flow of sewage 
154,000 gallons, sewage actually treated 69,000 gallons (25 
gallons per head). Area of beds in square yards -, 



1065 



3146=0-65 acre 

"Cost of 15 bacteria beds in concrete, including all material 
and effluent aerator lift, .£2970 2s.7d.," or about £4S70 per acre. 
Treble Dibdin filtration is also in use at Lincoln. I refer later to 
other examples (pp. 205, 209). 

Dr. Kinnicutt, director of the chemical department of the 
Worcester (Mass.) Polytechnic Institute, writes (March 3rd, 1900) : 

" In America, or in Massachusetts, sewage is successfully treated 
bacterially by the interraillent filtration method and at the rate of ' 
50,000 to 90,000 gallons per acre per day; but we have had no ] 
experience with the English method of bacterial treatment, namely, 
contact beds, as all the towns so far called upon to treat their sewage 
have had auiEcient sandy soil to use infermitient fiiiralion beds, 
and the cost of this kind of land is so little that beds of this 
character can be constructed at a much less price than the contact 
beds." 

In a great number of localities the treatment is simply screen- I 
ing. sedimentation, and filtration through land, only prepared by I 
removing the loam and levelling. It is ploughed and harrowed,.! 
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and planted with com or other crops every spring. In 1899 there 
were in Massachusetts 14 cities and towns, with populations from 
600 to 35,000, in which the purification of the sewage was efiFected 
by intermittent filtration through beds of gravel or sand about 5 
feet deep. In many other States chemical precipitation is used. 

But at Lawrence, Mass., experiments with bacteria beds were 
commenced in 1897 (Reports State Board of Health, 1898 and 
1899), ^^^ ^ favorable opinion is expressed. We shall refer 
again to these results in Chapter X. 
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CHAPTER X. 



iiiiwii). — Cajiaciiy <jl Fillei's— Naiuie and Siie 
Maierials— Gaaes in Fillers— l>opihs o( lieds— Aerating I'rocesses— 1-owcock 
— Waring— Ducal — Artificial Wanning -■' Thermal Aerobic "—Continuous ' 
Filtration— Salford—Stoddarfs Filler. 



The regulations o/ the Local Government Board as to filters 
are at present ■.- — 

(l) Each set of fillers (i.e. both coarse ,ind fine) must be of 
sufficient capacity to contain the normal dry-weather flow for 
twenty-four hours. Coarse-grain beds can hold ^5 per cent 
sewage and fine Ijeds 33J per cent. This means, taking an 
eight-hour cycle, thai llie beds will be large enough to deal 
with three limes the dry-weather flow, i.e. one volume normal, 
two volumes storm water. 

To measure the capacity of a filled bed or tank, it is drained 
for some time, then, after closing the exit, an overhead tank, 
kept constantly full, runs in water through a pipe the delivery 
of which p>er minute is ascertained : the time required in filling 
will give the capacity. The amount of discharge in practice will 
be less than this, as much liquid remains and only slowly drains 
away, especially with finer materials. 

As to material, its size and mode of arrangement have been 
shown to be more important than its kind Coke breeze from 
its porosity exposing a larger surface was recommended by the 
Barking experiments and has been generally adopted. But it is 
somewhat expensive when required in large quantities, therefore 
in many localities local material, when properly screened and 
graded, can be employed. We have already referred to the use 
of old town-refuse at Oswestry, 

The Massachusetts Reports of i8g8 and iSgg, comparing filter 
beds of ashes and cinders with those of sand and gravel, state 
that the former have great advantage as regards rapidity and not 
becoming clogged, that ihey are equal or even belter in the colour 
and chemical character of the effluenl, though the percentage of 
bacteria removed is less. 
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Dr. Bostock Hill, in a paper at the Leeds Sanitary Congress 
iti 1897, reported very favourably on fine coal as a medium for 
the filtration of chemically precipitated effluents, at Wolverhamp- 
ton, Lich&eld, and other places. The sewage of the former town 
is heavily polluted with chemicals, that of Lichfield contains a 
large amount of brewery refuse, I cannot see how the action of 
coal is different from that of other media, but Dr. Hill contends 
that effluents from coal filters show a greater loss of organic 
carbon as compared to organic nitrogen than in filters made of 
other materials, and that this is a characteristic property of coal. 

" As far as is known, any kind of coal will do, but it should be 
as clean as possible, and the depth should not be less than five 
feet." At Lichfield the first layer, over the drain pipes, is jjin. 
cube coai, then a little |in., afterwards 2J feet of i-8th in. cube, 
and 2J feet of !-iGth in., ending with 6 inches of 3-i6th coa! 
dust. The liquid is supplied continuously for 12 hours, with 12 
hours rest, and the rate is a million gallons per acre per day. 
The effluent is said to be bright and clear He adds that " as a 
result of 1 2 months working the eificacy of the coal has increased. 
At first it would appear that the action is a chemical one. because 
the oxygen absorbed is at once directly affected ; afterwards, 
however, nitrates are produced in considerable quantities, so that 
probably there is then a double action, chemical and bacterio- 
logical. The interior of the filter, after many months, has nothing 
but a slight earthy smell." This filter was introduced by Mr, 
Garfield in the summer of l80. 

Mr Fowler, in his report of the Davyhulme experiments in 
1897, confirms the results of previous observers that coal and 
burnt clay filters, when worked continuously, rapidly become 
dogged, and that improved results are obtained with intervals for 

it and aeration. He considers coal to be superior to burnt clay. 

The table given in Chapter XI. of the comparative nitrification 
effected by different filters, places the Garfield Filter as lower 
than other forms, but as already mentioned, this result is more 
likely due to the difference in the mode of working and aeration 
of the filler than to the material. 

Partly for the sake of cheapness, and also because it was ex- 
pected that coke would in time disintegrate, the use of more 

impact materials has been suggested. Broken slate" or shale has 

.t Festiniog stale filters were proposed al a Local Coveramenr ttourd eniguiry 
B November. 1898. but llie Board ha i-e not yet lanclio tied ihelom Junuury, tgoo). 
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been much used in the north, and Thudichum even made labora- 
tory experiments with pounded glass, and found a certain amount 
of efficiency. Burnt ballast, clinker, cinder, slag, polarite and iron 
sand have their advocates. Non-porous materials might be ex- 
pected to have a lower capacity, but it is mainly on the surfaces 
and not in the interior of the masses, that the bacterial action 
occurs. At Exeter, Mr. Cameron expresses a general preference 
for clinker: at Southampton and other places assorted clinkers 
from the dust- destructors are used. But coke, if available, seems 
the best material for nitrih cation, and has shown no noticeable 
disintegration in nine years. Burnt ballast must be carefully 
made, as many kinds crumble and block up the filter. Mr. 
Chambers Smith has now found it unsatisfactory at Sutton. 
He states that " he had used road granite with good results, and 
also crockery and old iron and tins, and they gave satisfactory 
results," 

With reference to the durability of " ballast " much experience 
has been gathered, ff clay be thoroughly burnt, its durability 
is unquestioned, as shown in brick. But when treated in the 
cheaper way employed for roads and railway embankments, — 
that of piling the clay in alternate layers with small coal and 
refuse, firing in places and allowing to burn slowly till the 
mass has the usual brick-red colour — the burning is apt to be 
irregular and insuflicient, so that much of the material on wetting 
becomes soft and crumbly. Burnt ballast appears to be almost 
unknown in America, since the Massachusetts Board did not 
include it in their investigations of materials, and Rudolph 
Hering alludes to it in September, iqoo,* as "a material made 
out of clay which is used in England because they have very 
little sand," and he says it is not permanent, but crumbles, and 
adds that unless very hard, coke behaves in the same way, 
observing that it is a question for calculation whether it is cheaper 
to get a more expensive permanent malerial, such as gravel or 
quartz sand which will last longer, though it may not purify so 
much sewage at first, or to occasionally renew the material. 

Burnt ballast seems to have been first tried for this purpose 
by Dibdin, at Barking, in 1891 (see p. 1S3). and was used after- 
wards at Sutton and elsewhere for coarse primary beds fthe fine 
secondary ones being generally coke breeze, p, i8g). At Sutton 

• /, Ntm EHgUtnd IV. IVorki Auoe.. xv . x The meaning U noi given In 
Websler'i lajge dictioaoxy, iSgo, nor in Nultall 
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Dorking, and some other places it has since been found faulty, 
and has been replaced by clinker or other materia]. That it is 
capable, if well made, of considerable permanence is shown by 
an examination of a coarse bed at Harrow, after 2^ years' work- 
ing. Samples from different depths after washing left "the 
ballast clean and red, and apparently as hard as when it was laid 
down." In the washings, however. " the heavy particles con- 
sisted almost entirely of small sharp particles of ballast "' — such 
would occur with any material, whatever its hardness, that had 
not been thoroughly washed at first — with "not raore titan the 
slightest suspicion of ballast-niud.'V " " 

The ballast lost on washing 444 per cent of its weight, made 
up of ballast dust and sand i ■ 14, raw clay 360, organic matter O-/ 
per cent. The capacity of the beds was considSahly less than at 
first, but this was due. not to disintegration of the ballast, but to 
clay that had come in from the top. At Belfast, broken brick is 
""used for the coarse Ijeds,* 

In some places where the beds have been made by the simple 
method mentioned in p. 189. care has not been taken that ihc 

►work was sound, and earth and clay from the sides has washed 
into the filter. 
Patent 25,239. S. Baldwin, Bethesda Street iron Works, Burn- 
ley, consists of a self-contained machine having one pair of 
coarse- grooved breaking rollers, one pair of finer-grooved crush- 
ing rollers revolving at a faster surface speed, and a cylindrical 
screen. It is particularly adapted for dealing with the refuse 
ashes and clinkers from furnaces, rendering them suitable for use 
in sewage filler beds. 

tThe enormous quantities of waste material in tlje neighbour- 
hood of various collieries and iron works have recently been 
Utilized for the recovery of the " tap-cinder " which they contain, 
and Messrs, Wake and Hollis, of Darlington, have devised a 
plant for separating the whole by machinery into tap-cinder, coke- 
breeze, clinker, broken bricks, and "carbonaceous iron sand."+ 
the latter being proposed by them as a suitable and cheap 
material for bacteria beds. Its content also of iron oxides, with 
a trace of manganese, suggested the action of these substances 
t^as carriers of oxygen to the organic matter (p, rs;) But, as in 
'City Siinny«r'i Rifmi, 190a 
y t An analysis by W F K. Stock gives— moi*tur« 675. FiO 30 41. Fe»0, lojj, 
"Mtxin 7 33, rough sand 16 70. 




^^^B coke, whii 

^^H^ prepared 

' rhemiral , 
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which also contains them, and in many patented materials 
by ignition, the density and insolubility make their 
chemical action very slight, and quite subordinate to their use as 
strainers and bacterial surfaces. 

The sewage at Spennymoor, Durham, has been treated on 
filter beds made of this material, placed in the filters without 
further grading. The best results are stated to be obtained with 
a bed of aft. to 2ft.6in. deep, gin. of crushed and graded fire- 
brick (also from the waste heaps) being placed over the drain- 
pipes at the bottom. The sand has also been used for treating 
the overflow from cesspools in connection with isolated dwellings, 
and for filling foul ditches. 1 

Dibdin and Thudichum have compared this carbonaceous 
iron sand with other materials in some experiments on triple 
filtration of crude sewage " with the usual solid matters suspended 
in it," In each set the size of the grain was -.— 

First bed, passed by \-'m. mesh and rejected by |-in. 

Second ., „ „ \-m. , J-in. 

Third „ „ „ j-in „ „ T's-in. 

After five weeks running with two fillings per day, the effluents 
were analysed. The composition of the crude sewage, calcu- 
lated to parts per lOO.OOO, is given as -.■ — 

Free NH3 1353. Albumd, -740. Oxygen consumed 914. 

The effect in reduction of these figures, or " percentage of 
purification," the water capacity at this stage, and the nitrogen 
oxidized, is shown in the annexed table. 

From it we may gather the following conclusions : — 

r. With reference to material, the iron sand shows in this 
case a slight superiority over the coke breeze alone, but. in the 
words of the report, " it was practically identical in work effected 
with the other materials, and there was no specific advantage in 
the use of any one material more than another, so far as the 

chemical results were concerned Observations were 

made as to the bacteria in the respective effluents, but no specific 
advantage seemed to be shown by any one material in this respect," 

As in the Massachusetts. Barking, and Berlin experiments, the 
sacrifice of capacity and of output on substituting a less porous 
material like sand, was not accompanied, in the case of sewage, 
by an equivalent advantage in purification. 

2, That no nitrate or nitrite was produced in any case in the 
first beds is a strong indication that they were acting hydrolytic- 
ally and anaerobically, their function being that of an "open 
septic tank." 
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3. The double filtration, or result of the second bed, cannot 
be exactly followed, as the nitrites are not separately given, but 
it corresponds mainly with the second stage of partial oxidation, 

4. In the treble contact, the coke breeze has shown a higher 
power of nitrification, as noticed by other observers, owing. 
undoubtedly, to its greater porosity. 

It is also important to note that these filters show that the 
organic carbon is more easily oxidi/ed than the organic nitrogen, 
and confirm the criticisni on the use of coal (p. 202). 

To study the influence on nitrification, in October, iSgg, I 
examined 6 tray filters after running about three months with a 
hydrotysed sewage. D, E. and F, had an area of 100 sq. ft. each ; 
A, B, and C. were i the area, and had become much clogged. 
D was most freely exposed to the air. The filtrates gave on 
successive days the averages in parts per 100,000 on p. 208. 

Denitrification with loss of nitrogen is here shown by those 
filters which are not in proper order. The superiority of a graded 
filter (F). is also evident, while coal has exhibited the peculiarity 
that has been noticed in other cases, of encouraging the produc- 
tion of nilrites. Filter F shows the extraordinary nitration of a 
strong sewage, resulting in an excellent effluent: in these cases 
a gain of total nitrogen, presumably from the air, has often 
been observed.* The great variation produced by the ventilation 
and aeration of similar filters is also seen in comparing B, D, 
and E 

With reference to porous materials the conclusions of the 
Manchester Report| agree with previous experience in finding 

" I. That (he initial capacity of a contact bed is practically 
uninfluenced by the grade of material with which it is filled. 

" 2. That there is a rapid decretise in capacity during the 
earlier period of working [before the resolving bacteria b«:ome 
established and active]." See also ante. p. 198. 

After noticing the increase of capacity during a period of rest, 
the report concludes, that coarse cinders, jin, to lin.. permit too 
free access of sludge to the body of the filter and even info the 
drains, while " if the materia] is too fine the beds soon become 
quite impervious to sewage." With bed C. | to Jin., followed 
by D, \ to Jin., they obtained better results, but their final 
opinion is that the most suitable material for baclerial beds con- 
sists of clinkers passing through i^in, mesh and rejected by Jin. 
* .^""^J^P^f '^ °' fluorescein bacilli can as^imilale free N, as in the agricul- 
I, P. Franfcland, an') W, H. Perkin, October, 1899. 
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In common with other observers, it was remarked that " contact 
beds, after a comparatively short space of time, acquire a practic- 
ally constant capacity," this is usually found to be about 33%. 

The final deductions were : that the suspended matter must be 
removed as far as possible by sedimentation, and that any not so 
removed should be reiained on the surface of (he bed ; that the 
surface must be raked or forked over about once a month, and 
that periodical intervals of rest must be allowed. 

It wilt be remembered that in the London County Council 
investigations of i8Qg(p. 185), oneof the objects was the effect of 
" double treatment," that is, by an extra coke Ijed. Unfortun- 
ately, the name might lead to misunderstanding, as their "single 
treatment" meant two coke beds, the first with gas coke, "the 
size of walnuts," corresponding to an anaerobic lank, and about 
4ft deep ; the second a bed of 6ft. thickness, called the " primary 
bed, for the first stage of double treatment " ; while the third 
was called the "secondary coke bed," corresponding, however, 
to what is commonly named " treble treatment" The coke in 
each bed was the same sii^e. The primary and secondary beds 
were " matured." or inoculated, by frequenlly charging with 
crude sewage for about Ihree months to seed them with bacteria. 

In order to test the aeration of the 6ft. beds, and of the 13ft. 
that were constructed aflenvards, the same plan was followed as 
1 used at Exeter, in 1896, of sinking vertical pipes into the bed 
and aspirating the gas for analysis. 

The amounts are given as follows; — 



Six-foot deplb. 


Thirieen-fooi depth. 


Number of 


ParceotaRe 


PorcenlaRe 


Number of 


Pcrcenlage 














of 


rince Sewage 




Carbonic 


since Sewage 




Carbonic 


drained off 


in Air 


Acid in Air, 


drained off. 




Acid in Air. 




19-8 


0-4 


M 


IS-H 


1-4 






5 '8 


1675 


14-0 


3-3, 


24'5 






5075 


T4-« 




37 


'I't 




51-25 




405 




-4 


70 


.„ j 0, 



A supplementary report (Oct 26th, 1899) states that the experi- 
I ments have been repeated and the results corroborate the above. 

In a third report (July. 1900), the average of almost daily 
I analyses of the air in a " primary " coke bed about lofl. deep 
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showed after "resting empty" periods of 21 hours, oxygen 10-3 
and CO2 57 per cent. ; after 5 hours rest, oxygen 80, COg 5-7 : 
air containing normally 21 per cent, of oxygen and 0-04 per cent 
of COj. 

At Lawrence, Mass., in 1899, a cinder filter which had become 
clogged and was resting, had air drawn through it constantly for 
two months except at certain intervals, at a rate sufficient to 
change the air-contents every three hours. The gas in the filter 
gave the following averaj^es per cent : — 

(a) Aspirator working continuously : CO^ 025, O 20. 

(J?) Aspirator shut off for some hours: COj 1-3 to 2-6, O less 
than 10. 

The quantities are irregular, but show that a reduction of the 
free oxygen occurs from the 21% which is normally present in 
air. The carbonic acid produced usually corresponds to an 
equivalent diminution of the organic carbon. A point to notice 
is that with the presence of gaseous carbonic acid, there must 
be an additional quantity, proportional to the vapour tension, 
retained dissolved by the liquid in the interstices of the coke. 
Several observers have proved the inhibiting action of carbonic 
acid on bacteria, especially those which are oxidizing, therefore it 
is important when the third or oxidizing stage is reached, that 
the carbonic acid should be removed by free circulation of air as 
soon as formed, or the failure of nitrification noticed in so many 
of these filters will follow. 

With the same object, at Exeter, on November 12th, 1896, I 
sunk "compo" tubes to different levels in filter No. 2, 5ft. deep, 
which had been in constant work for several days, and aspirated 
the gas for analysis two or three hours after the last discharge. 
The results were : — 





Air 


Tube I, 
I Sin. 


Tube 2, 
36in. 


Tubes. 
54in. 


Per cent, of CO2 by volume 

Relation to volume in air 


0*04 

I 


0-375 
9*4 


0-98 
24-4 


075 
i8«8 



Assuming the air in each empty filter to contain one per cent, 
of CO^, it follows that the volume of carbonic acid removed as 
gas is also 1% of the volume of sewage dealt with in the filters. 
The weight of organic carbon destroyed in this way is therefore 
about 5olbs. per million gallons, or 5 parts per 100,000, without 
reckoning the dissolved COj, in the interstitial liquid. 
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Probably on account of the interference of this carbonic acid io 
deep filters or by reason of the beds not having been working for 
sufiicient time, ihe purificiilion reported by Dr. Clowes, even by 
his " secondary " (really treble) treatment is not equal to what has 
been attained elsewhere. He slates (hat " the purification effected 
by a single treatment of the raw sewage in the coke beds amounts 
to a complete removal of the suspended matters, and to a further 
removal of at least 51-3% of the dissolved putrescible oxidizable 
matter. The primary 6-foot coke-bed actually removed on the 
average 49-9% of dissolved impurity, and a second process has 
effected thus far an additional purificalion of about 19-3%, giving 
a total average of purification of the clarific<i ''"Jt' sewagf amount- 
ing to about 69-3%." 

With the deeper filter, Eftgineer'mg calculates that, taking the 
daily dry-weather flow of London sewage at 200 million gallons, 
and the rale of filtration at three million gallons per acre, nearly 
70 acres of filter I3ft. deep would be required, taking 450,000 
tons of coke. 

We revert to the processes depending mainly on strong 
aeration, of which the chief are Lowcock's. Waring's, and Ducat's. 
In Chapter V.. p. loo, we have given a table of the volumes of 
air required lo oxidize the nilrogen of organic matter: a further 
quantity would be demanded by the carbonaceous matters. 
measured approximately by the " oxygen consumed " figure 
{p. 31). We have seen how in an effluent that has properly 
passed through all the stages, l!ie residual organic carbon can be 
disposed of by (he nitrates, in presence of the appropriate organ- 
isms ; but for an imperfectly hydroly/ed effluent, and stdl more 
for a raw sewage, a large volume of air is required, and the action 
is apt to be slow, irregular, and incomplete. This is well shown 
in some experiments of Mr. Gillicrl Fowler's,' wherein a diemi- 
cally precipitated effluent (lime and copperas) was exposed to' 
the air in thin layers, protected from dust, for various periods 
and under different conditions. 

In no rase was sufficient oxidation effected in .'4 hours to I 
render the effluent subsequently non- putrefactive. Even afterl 
72 hours exposure, putrefaction took place on afterwards in-; 
CH hating, + 
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* ManilutUr City Huivry-t' 
t See also Chaplei 
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Mr. Lowcock.at Malvern, 
111 1892, forced in air at a 
pressure of 4iins. of 
water. He used* a pres- 
sure varj-ing from 34 to 6 
inches, but bearing no re- 
lation to the volume of 
liquid which flowed con- 
tinuously through the bed. 
At Malvern the filler was 
made of sand and gravel 
(Fig. 24), and later, at Wol- 
verhampton, of sand and 
coke breeze. The sewage 
had been screened a}td chemi- 
cally precipitated and sedi- 
mented before entering the 
filters. " The quantity ap- 
plied when the most satis- 
factory results were obtain- 
ed was at the rate of 263.780 
gallons per acre per day, so 
that at this rate the area 
required per million gallons 
5 of effluent of the same im- 
t purity as that ex|)enmented 
< upon would be 38 acres. 
S The dry-weather flow of 
p the sewage experimented 
J upon is 1 6 gallons per head 
B. per day of the population, 
^ so that the quantity treated 
3 at the most efficient rate is 
^ equal to that from 16486 
! persons per acre," 
" The following tablesum- 

2 marizes Mr, Lowcock's re- 
sults in October, 1895 : — 

■■ Analysis of the effluent 
from the settling tank as 
applied to filter, and the 
resulting effluent from filler 
ill part^ \KT loo,Oc». 
C.K.. itkij 
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1 


^^^K October Stb. 1695. 


Tank efflueni 


Efflueni 
filter. 


reduction, ^^H 


^^^^H Free Ammoma 

^^^H Oxygen consumed 

^^^H Nitrogen as niiritea and oitrateB.. 
^^H Chlorine 


■foo 
0-J3 
;70 
traces 

woo 


o'07 

24-00 


1 



The percentages of reduction are calculated on the tank i 
effluent; if calculated on the sewage, the results of the whole I 
treatment, tank and filter, would be a reduction of considerably I 
over 90 per cent 

The Wolverhampton sewage is a most difficult one to deal 
with, as it contains a large quantity of manufacturers' and acid 
waste." 

In the Lowcock filters constructed at Tipton in 1896, the 
sewage had also been preliminarily treated with lime and , 
alu mi no- ferric in precipitating tanks. The fillers were 3|ft j 
deep, with a bottom of coarse coke, a body of coke breeze, and a 
top layer of fine broken limestone and sand. TAe oiillels of the 
filters are always open, and during the supply of clarified effluent 
for twelve hours daily, air is forced in at a pressure of jin. of 
water. " Since August, 1898. the rate of flow has been at the 
rate of 240 gallons per sq. yard per day." Tlie analyses given as 
an average of nine months are ^ — 





Solids. 


CI. 


»„„..i. 


Oxy, 

Aba. 


Nitric 
N, 




In 

aolu- 

8.-7 
So 7 


losus- 


Total 


Free 


Alb, 


Tank Effluent 

Filter Effluent 


I '6 
i-4 


I::? 


IO-2 


t»3 


0'i3 


0'77 


NU. 
074 



" thus showing a purification of the tank effluent of 757% calcu- 
lated on the organic ammonia, and 68-5% on the oxygen 
absorbed; if calculated on the raw sewage, these percentages 
would work out at over 95%." 

On this filter, Mr, Mansergh. in his report to the Baltimore 
Sewage Commission i Sgg. remarks ; — 
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" Ji would seem iliai the supply of air into the litter enables the 
bacteria to increase their activity, but the recent practice of resting 
the filter for I3 hours each day, lends to show that natural aeration 
is necessary lo the smooth working of ihe system. The original 
idea that the med>anical forcing of air into the filtering material 
would enable the tank effluent to be applied continuously, has been 
modified by the adoption of the half-ilay intermittent working, and 
this result tends to support the Dibdin process of alternate fillings," 

In 1894, Waring obtained permission to treat a portion of the 
sewage of Newport. R,I., by a method of forced aeration which 
differs from Lowcock's mainly in the separate treatment of the 
sludge by means of " aerators." 

This city was sewered under the combined system, and the 
liquid became frequently admixed with sea water entering the 
sewers, the effect bemg an increase of the susf>ended solids by 
precipitation of soap and other matters This precipitation has 
been often noticed in tidal reaches, and lias resulted in the forma- 
tion of banks and deposits on the bed. It would seem that the 
lime and magnesia present in ordinary waters does not secure the 
removal of all the higher fatly acids, as a greasy scum is seen 
frequently in sewers. From examination of the soluble part of 
sewage ! have found that soda salts of oleic and other fatty 
acids are stdl present, especially in towns with a soft water supply, 
owing probnbly to the influence of the animonia formed. These 
soluble soaps are decomposed and precipitated by the high 
amount of calcium and magnesium salts existing in salt-water, 
so that the sewage of Newport contained unusual amounts of 
soap curds. 

The sewage first passed through a settling chamber for road 
detritus, and was thence pumped alternately through either side 
of a divided tank conlaining a shallow bed of coarse broken stone 
to arrest Uie coarser solids. " The impurities in the section thrown 
out of use disappeared rapidly in its interval of rest," 

The liquid next passed slowly through four straining tanks 
filled with stones and gravel whose function was said to be " mere 
mcchaoicai sedimentation." As soon as these became clogged a 
plug was drawn, and the sludge emptied into a separate " aerating 
lank," filled wilh stones and gravel, where air was driven con- 
stantly through the mass, and as soon as active bacterial adion 
, had set in. the sludge was rapidly di-ssolved 

Air was also forced through the straining tank till it was again 
in condition for use. This complex system is another instance 
of continuous working, assisted by forced aeration, for Iwjg 
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pcdods in the hope that in a given tank-capacity a larger volume 
of sewage could be treated. The action here is apparently 
entirel)' aerobic, and unaccompanied by previous hydrolysis, 
except what would have happened in the sewers. 

Since these experiments were cajried out se\'eral alterations 
have been made in the details, and installations have been con- 
structed at Willow Grove Park, Philadelpiiia, nnd at other places 
in the States. The Waring;; system is also in operation at East 
Cleveland. Ohio, Tlie roughing filters are masonry lanks filled 
lo a depth of 2j-ft. with Uessemer slag "about egg-coal 
The total area of the slrainers (four dmv ri-flow and two up-flow 
beds) is 3630 sq, ft., designed to receive [50.000 gals, of sewage 
per day. The aerators are 6248 sq. ft., and the rale of .npplication 
to ihetn is a million gids. per day of strained sewage, or 661.000 
gals, per day on the total area. The bottom of the aerators is a 
false floor of half-round drain pii»s through which the air is 
forced. Nineteen other installations are also announced. 

At East Cleveland. Dr. Alljert Smith reports " a reduction in 
the ammonias of g8-8 per cent., in the bacteria of 99 per cent., by 
double filtration through stag and coke, with aeration under 
light pressure by a blower." 

THE Ducat Filter. 
Col. Ducat constructs an aerating filter with walls of 3-ia 
drain-pipes set nearly horizontally in Portland cement, the inner 
ends being jin. lower than the outer, to prevent the sewage 
running out. The free exposure to air causes considerable 
cooling, rendering necessary a spedal provision by larger pipes 
for hot-water heating in winter to prevent freezing, and 
this introduces an element of expense. I understand that 
in recent installations of this filter, provision is being made 
for a breaking down of the organic nitrogen into ammonia 
before aeration, though it appears, by the analyses published 
in 1S98, that in the filler at Hcndon a large quantity of 
ammonia was carried off by the air without being nitrified. The 
organisms cultivated in ihis apparatus must obviously belong to 
the two classes of which Bacillus niltosoiiioHits and B. ntlTobactet 
are types. The satisfactory continuous working depends after 
these growths have been developed, on an ample provision of 
oxygen. In this filter, as in others, a deficiency of air supply 
will reveal itself by a decrease in the activity of the colonies of 
B. nitrobacter, and therefore in the presence of larger quantities 
of nitrites. 
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The bed is coarse-grained above and fine below, and the action 

intended to be exclusively aerobic, as atmospheric oxygen in 
is is brought in contact with the contents at once without 
.ving any period of anaerobic incubation, and therefore presents 
ime points of resemblance to the Waring process already men- 
tioned. I have already observed that in towns with long and 
old sewers, or where storage is practised, Ihe liquids may have 
Iready received sufhcient hydrolytic resolution lo be quite 
irepared for strong aeration such as this filter supplies. 
This is illustrated by an analysis furnished by Dr. Houston : — 



'SewBge, Oct. 14th, iSgi 
Filler Effluent, ditto 



14-72 
078 



^H^dize 
^feexpi 
^Vbnd 



The high free ammonia and the low albuminoid shows that 
the sewage has already undergone the preparation I have men- 
tioned. The nitrification of the effluent, indicated by the "0x1- 
■ dized nitrogen," has nol proceeded as far as might have been 
wpected, notwithstanding the very large loss of ammonia, but I 
Understand iiiulIi belter results have since been obtained. The 
oxidation of the carlxmaceous matter to carbonic acid is also 
most marked. Dr. Houston's bacteriological examination of 
this filter has already been referred to (p. 68). 
^^m The Ducat system has been under trial at Hendon and Sutton, 
^^ftwas adopted for Market Drayton in May. 1899, and is now under 
^^Bexperiment at Leeds.* 

^^B Figs. 25, 26, 27, and 28 are from Mr. Mnnsergh's Baltimore 
^^Bleport, 1899. 
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A great diffiLulty dtteitding the processes aiming at the direct 
oxidation of sewage by currents of air, is the cooling produced, 
which in winter may actually occasion freezing. To avoid this, 
several inventors have introduced systems of artificial warming, 
with an additional view of stimulating the bacteria, but also with 
a considerable added expense. Colonel Ducat, as we have seen, 
provides a series of hot water pipes for heatinf; in winter. The 
effect of cold in diminisliing the activity of nitrifying organisms 
was proved repeatedly in the Massachusetts experiments, when 
the temperalure of inception of active nitrification was found to 
be 39" F. A number of bacteria, liowcver, are not affected by 
cold 1 in the L C.C. Report of the Barking filter, it is said that it 
" was able to do its work satisfactorily during the exceptionally 
severe weather in January and February, 1895. A thin coat of 
ice was formed on the surface, but the filtration proceeded with- 
out intermission, the only noticeable change being thr decreased 
production of nitric acid." Macfadyen and Rowland showed 
that Proteus vulgaris. B. coli communis, and several other bacteria 
were not killed in lu hours by a temperatiu'c of-2S2''C (liquid 
hydrogen) (Proc, Roy, Soc. iQcm, Ixvi,. 488) 

The idea of increasing the activity of organisms by raising 
the temperature wilhin certain limits, ia of course not new, 
being applied ordinarily in fermentations But in connection 
with sewage it has been Hmiled by the expense. In t8g8, 
Whittakcr and Bryant introduced their " Thcrmiil Aerobic Filler." 
at Accrington The plant included an " o[tcii septic tank." of 
which we shall speak further. Tlie Innk effluent is distributed 
over a filter bed of 2ft broken stones, and 6ft- g;i5 coke, with J 2ia 
limestone chippings on the top. by means of an automatic revolv- 
ing sprinkler, in the delivery pipe of which is placed a steam pip^ 
a small jel of steam being blown into the sewage just as it arrivati 
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I at the sprinklers " to raise the sewage, and thereby the whole body 
I of the filter to the required temperature. " The heat also ra 
j the temperature of the air in the filter, causing it to rise and thus 
allow fresh air to enter through the drains, so that better aeration 
I is claimed to be produced in this way. The analyses given are : 



September 19th to Oclolwr iglh 


Oxygen 

in 4 hours 


Albumi- 
noid 
Ammonia 


Chlorine 
Chlorides. 


Nitrogen 
as Nitrates 
& Nitrites 


Raw Sewage 


9*51 


.■.9 


iroo 


Nil 


Tank Effluent goini; oa filter 


4'99 


■562 


10 'sa 


Nil 


i'urificat ion onRawSe wage per cent 


47-5 


5^-8 


- 


- 


Filter Effluent 


18: 


•176 


10-83 


»33 


PuriGcalion on Tank Effluent ... 


6372 


6S-66 


- 


- 


Purification on Raw Sewage 


80-96 


85 -W 


- 


- 


Finftl Effluent-Settled 


'■47 


■0B4 


.0'85 


2-3 


Purification on Tank Effluent 


78-55 


85-0 


- 


- 


Purification on Raw Sewage 


84 -S4 


92-1 


- 


- 



In their patent (iSgg — ^4460) they show that the capacity of 

' the filter can be extended as desired without hindrance to its 
efficient aeration. The fillers consist of several chambers, either 
circular or polygonal in form, placed in juxtaposition and filled 
with filter-material, the spaces between the circles or [jolygons 
forming shafts or wells through which air can be drawn or forced. 

I An air shaft is preferably arranged in the centre of each chamber. 

' The bottom of each filter has a sloping surface, on which are 
laid perforated pipes, forming channels leading to the air-shafts, 
so that the filtering material filled into the chambers rests on a 
surface freely and uniformly accessible to air. The perforated 
pipes are so arranged that the open ends of the channels formed 
thereby are directly in communication with the central air shafts 
and the spaces between the chambers. By adding chambers at 

I the sides the area of the filter can be increased to any desired 

(extent. 

The view shows the retaining walls and ventilating shafts, and 

lalso the beds of the filters which are formed of perforated half- 

■pipes set close together. They are ready for being filled with 
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the filtering material, which is ordinary unbroken g 
forked so as to remove all the small material. 

These fillers are 6ift. diameter, the filtering material being 9ft 
deep. Each filter is capable of dealing with 200.000 gallons of 
sewage per day. which has previously passed through open septic 
tanks. 

" The tank effluent is lifted by means of pulsometers and dis- | 
tributed on to the filters by automatically revolving sprinklers. 
These distribute the tank effluent uniformly over the surface of 
the filter, and passing directly into the body of the filter it is 
continuously trickling down o\er the surfaces of the filtering 
material in contact with fresh air and passes out through the 
effluent channel thoroughly purified," 

The working of the filter is, therefore, continuous, not inter- 
mittent. Incubator samples are said to be satisfactory. The , 
plant for treating 200,000 gallons daily, covers 958 square yards. 
The entire daily flow is 1^ million gallons, from a population of 
50,000. Mr. Barnes estimates that to raise the whole of the 
sewage fi\'e degrees would cost in coal at least £4^0 annually. 
10° £900, and so on. He suggests that the scheme for burning 
refuse should be combined with that for sewage disposal. 1 

Mr. Naylor, chief inspector to the Ribble Joint Committee, 1 
reporting on the e.vperimenlal filters in January, iSgg, says that 
the sewage is received in an ordinary precipitation tank and 
treated with 15 grains |>er gallon of lime, the sludge being I 
allowed to remain in the tank and putrefy before passing to the 
fillers, which contain gft. of sjin. coke. An interesting point js 
that the tank effluent contained more organic nitrogen when the 
temperature was higher. His results are given in the following j 
tables. 

Whittakeh-Uky.\nt Filter. — Quantities. 



S.mpW 


per hour. 


Area of 
Ftliet. 






UIIUHd 


•iambi 


Jan 25H1. 1899 
Raw Sewage 


e,5oi 


4S0 


315 


942&48 


'1' 


♦5.6 


Jjn 27.h. 1899 


5.909 


4S0 


2« 


3414070 


j«» 


J4'5 
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Analysis in Parts per 100,00a 







mInoM 






IS. 


Chlor- 


Solids 


S.ni|.lr, 


absoAiHi 


DiHolvHi 








3,„i. 


4 liri. 


""""■ 


,*;:?. 


a- 


"ri" 


VoU- 


J^U'sth. IB99 
Raw Sewage ... 

Tank Effluent .,, 
Filter Effluent ... 


I'oe 
■163 


1-31 


4'" 


«3 


8-a 
74 


S3 

'A 


3a 
J* 

44 

30 


3 
19 


30 

3 
3 


Jan. 27th. 189Q 
Raw Sewage ... 
Tank Effluent ... 
Kilter Effluent ... 

Filter Effluen7~[ 
treed (rom sua- } 
peoded tnaller J 




'37 
■160 




.63 

■94 


.-96 
.■98 


93 


5" 
49 
43 

44 


30 

4 



He pronounces the effluent " fair " according to the Ribble 
standard, and found no putrefaction in five days at 80° F. The 
suspended matter in the final efHuent contained 58-5% mineral 
and 41-5% organic; of the latter 232% was carbon, and 8-5% 
nitrogen. 

He gives the cost of treatment as follows : — 

Old Trcalmenl— ^ s. d. 

Piecipitants, one ton of Lime and Copperas, or 

Alumina Ferric, per million gallons a lo o 

Sludge, 40 tons per milliot), pressed to 8 tons dry, 

at 3S.6ii 1 o o 



3 " 



w Treaitnent — 
Predpitants, one ton lime per million gi 
Sludge, 13 tons per million, pressed to, 

dry (will now contain les.s water) 
Coal, per million gallons 



But, in conjunction with these figures, it is only fair to ."itate that 
a good effluent was never obtained by the old method, although 
filters of considerable area were in use." 



Whittakcr beds have been successfully tried at Leeds, and 
during the winter of 1899-1900 the purification was main- 
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tained during severe frost, as the action of the pulsomeler raised 

the temperature of the septic effluent going on to the bed, a. few 
degrees above that of the sewage. Good results have been 
obtained with this filter using an ojien septic tank effluent The 
suspended matter which passes through is small in amount and 
can be removed by a final small settling lank. At Leeds the 
effluent is usually found to be well aerated on issuing from the 
tank and the aeration is maintained for some days^sufficient In 
fact to allow, in most cases, the effluent to reach the sea or come in 
contact with a large volume of natural fully aerated river water. 

At the city of Reading, Pennsylvania, a very elaborate system 
of purification has been adopted, in which the action of light and 
strong aeration are prominent features, but preliminary screening, 
straining through coarse coke filters, and final " slow sand filtra- 
tion by gravity" are also included, A detailed description is 
given in the Public Health Engineer, Jan 13th. 1900. 

Continuous Filtration, 

The intermittent system recommended by the Rivers Pollu- 
tion Commission of 18S8. and enjoined by the second Royal 
Commission on Metropolitan Sewage Discharge in the words 
" the intermittency of applications is a sine qiid non," was almost 
universally adopted. But apart from the labour of regulation 
and supervision, another fault of the method was that the 
oscillations of functions between anaerobic and aerobic actions, 
involved in " resting full " and " resting empty " periods, created 
disturbance, and was detrimental to the consistent action of 
bacteria. In Ducat's and Whittaker- Bryant's filters, and 
formerly in Lowcock's the working was continuous, but 
rests at longer intervals were usually found necessary. Mr. 
Gilbert Whyatt" has called attention to the series Of experiments 
commenced by Mr. Joseph Corbett, borough engineer of Salford. 
in 1893, and continued to 1808, on the basis of "a continuous 
passage of both sewage and air through the filter simultaneously." 
But the Corporation preferred that the experiments should be \ 
private, so no details or analyses were published Of the filters 
constructed in 1893, two were of gravel and sand, two of coke- 1 
breeze, and two cinders, all being very good, but the latter the I 
best 
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The average analyses of the filtrates after 15 months con- 
tinuous working showed a reduction to free ammonia o 839, and 
albuminoid 0-13, in parts per roo.OOo. 

The principle of dividing into 3 or 4 heights of 20 inches thick 
with ventilating spaces between, was also tried, but " the advan- 
tage was just in favour " of the fiUer in one mass. Analyses of 
average sampfes from October, 1896 to April. 1897, show^ 

[^^'h^iJjr' I^'^^NH. Albuminoid, 
nivided filler ... .. o'g,3 1-15 0184 



The distribution was effected at first by wooden troughs with 
holes, afterwards by spray jets with a head of 4ft. pressure, the 
amount delivered being 500 to 1,000 gallons per square yard. 
The chief requirement was that the fillers should be thoroughly 
open 

The Sal ford Corporation 

" have 'iecided to lay down a sufficient area nf these filters to tlea] 
with the whole of the Salford sewage (11,000,000 gallons per day) 
at the rale of 500 gallons per square yard on a filter 5 feet deep; 
and although the Local Government Boani ha\'e refused to sanction 
the scheme unless the Corporation include a sum to cover the pur- 
chase of land over which the filter efHueni might be turned and 
further purified, they arranged to borrow ^So.aao under section 
,^5 of the Public Health Act, 1875, and to construct the works 
without the necessity for obtaining the sanction of the I.ocal 
Government Board," 

by inserting a clause to this effect in their Bill before Parliament 
in [900. 

It is important to notice ihat these "bacteria fillers" are only 
dealing with an effluent already artificially purified by subsidence, 
straining and precipitation. Thus, to quote the Report :■ — 

" These bacteria filters were protecieil by a roughing filter of fine 
gravel, its purpose being to arrest any floating fats or any precipi- 
tated sludge which might find its way through the subsidence tanks. 
This roughing filter required to be cleaned e\ery one or two days. 

The Salford process will then be three-fold: firat, 

frcnjntalion by ike lime ot t'thtr chtmical pocesi; second, elarifica- 
lion and inierceplioii of all stisptiiiied mal/ers by roughing fi/lers of 
coarse gravel; Ihhd. pimfiealion by means n( baelerial /ilfers on the 
lines above detcrihed. 

The expenses and sludge of the older processes are thus 
retained. 
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" The new works will therefore consist of the necessary roughing 
filters, the extension of the lime-mixing house, and construction of 
the large area of aerating filters just mentioned, together with the 
erection of cinder-crushing house, etc. These new works were 
commenced in the autumn of 1898, and will, probably, be nearing 
completion by the summer of 1900." 

According to Mr. Corbett. the works are designed for pumping 
and fully treating per day 30 million gallons for two or three 
days together, or about 20 million gallons for some weeks, the 
ordinary flow being 11 to 12 millions, from a population of 
210,000, with a water supply of 4I-5 million gallons, or 25 gallons 
per head. " The balance, therefore, of half the ordinary sewage 
is subsoil water, and the sewage requires about 4 grains of 
oxygen per gallon to oxidize the putrescible matter on arrival at 
the works." 

In 1893, Mr. Wallis Stoddart published some experiments* on 
small model filters of coarse chalk, with arrangements for con- 
tinuous dropping and trickling. He seeded the bed with liquids 
containing ammonifying, nitrosifying, and nitrifying organisms 
successively, and obtained different results according to the rate 
of flow. The organisms were too much mixed in the same area : 
he secured, however, " a very constant formation of nitrate of 
lime/' and with a polluted well water he records the following 
purification : — 







Filtered Water. 




Original 






water. 




i 






Single rate. 


Double rate. 


Ammonia free \ 


•252 


•0003 


none 


albuminoid 'oiS 


•0023 


1 '0056 


N as Nitrite and Nitrate . . 4 '61 


577 


5-48 


Nitrites 


abundant 


none 


none 


Solids ! II2-0 


106 -o 


107-0 


Chlorine 88 


8-8 


8-9 


Oxygen absorbed : 






15 minutes '084 




'034 


4 hours '112 


• • ■ 


•059 


1 


deep 






Colour 


yellow- ' 


• • • 


yellow-green 


1 


brown J 




1 



With a sewage percolating continuously through 5ft of coarse 
chalk with an upward current of air, the results were : — 



• PracHtioner, 1893 • Analyst, 1894, p. 19. 
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Albuminou! 
Nitrogen as Nitrates 

Nitrites 

Chlorine 

Oxygen absorbed 15 n 






^^^ The flow on the model filler exhibited nt tlie British Medical 
Association at Bristol, in 1894, was 200 gallons per square yard 
per day. The first successful working filter on this plan was 
r erected at Hor&eld, near Bristol, in September, 1899, and has 
■since been running continuously night and day. " The composi- 
Ition of the filtering materia! is immaterial, so long as it is 
insoliible and not too friable ; the sine should be 14 to j(in., in no 
i less than iin., and the depth 6 feel." A chief feature is the 
Sdistributor (p. 279). 

The nitrogen as nitrates and nitrites in samples of the Horfield 
I'&ltrates is given as 2'I4, 2-57. and i-8i parts per TOO.ooo. 
PA recent analysis of the filtrate shows that the oxidation is 
Tiplele when the flow is increased ;. — Saline ammonia, i^go; 
albuminoid, 0(2 ; oxidi/ed nitrogen, 2-80; oxygen absorbed. 
0'88 ; chlorine, 6' [4 ; parts per rcxi.ooo. With this filter using the 
distributor devised by him and with a precipitated sewage or 
hydrolysed effluent of weak character, tlie rate of continuous flow 

Ecan be increased up to 1,000 or 1,200 gallons per square yard per 
day and still yield a final filtrnte which is non-putrescible with 
an appreciable amount of nitrates and dissolved free oxygen. 
With stronger sewages, of course, this rate would be consider- 
ably diminished, but the fact remains that conlinuoiis filters of 
this type and as used by Moncrieff are capable of dealing 
with the sewage at a much greater rate than intermittent ones 
when ^ well -devised distributor is used for ensuring that the whole 
of the filter bed is utilised, 
o 



. Stoddarl points out that " the improved filter does not 
constitute a complete system of sewage disposal, as it is not 
intended to deal with crude s 



■age. 



Repeating the three stages of natural sewage purification — 
(i) Anaerohic — hydrolytic solution and ammoniacal change. 

(2) Partially ^ (•*■£>*/>— nitrites and simplifted bodies 

(3) Complete oxidatian ,in<i nitiific/itioH 
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it is obvious that a certain preparation is necessary before a 
sewage liquid can take advantage of an excess of oxygen. Con- 
sequently in all systems professing to depend entirely on 
oxidation we notice that some preliminary treatment, whether 
natural or artificial, has occurred, and the solids have been 
avoided by screening, straining, sedimentation, or precipitation, 
before the continuous and free aeration has been useful in the 
third stage. 

Mote.— 200 gaUons j>er sq. yd. is approximately a million gallons per acre. 
The correct figure is 31 6 gallons per sq. y<]. 
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CHAPTER XI. 

Bacterial Pdrification {continued) — Unaided Bacterial Processes — Scott- 
MoncriefiTs Tank—Conditions of Hydrolysis— The Exeter Septic Tank — 
Barrhead Works— Septic Tanks in the United States— Moncrieffs Trays — 
Comparative Nitration by Different Systems — Oxygen Relations— Separate 
Zones — Caterham — Manchester Experiments — VVillesden and Finchley — 
Other Towns -Sheffield — Leeds. 

We next come to processes that rely for purification on the 
natural action of bacteria without extraneous aid. This idea had 
been indicated in the " Automatic Scavenger " of Mouras which 
we have already described, and could also be gathered from the 
Massachusetts in\ estigations, but prior to the latter, in 1890, 
Scott-Moncrieff made a number of experiments with regard to 
the observed rapid liquefaction of organic matter in sewers. If 
this action which was now known to be due to liquefying 
bacteria, could be intensified and regularly conducted within a 
small area, it promised to eliminate the sludge difficulty. 

It had long been known that in the slow filtration of sewage, 
more particularly when the direction was upwards, so that little 
or no mixing with air occurred, very considerable changes in the 
organic matter were brought about, entirely unconnected with 
oxidation. Thus in one of Frankland's experiments, as early as 
1870, when a strong; London sewage was made to traverse, "con- 
tinuously upwards so as to exclude aeration," a layer of sand, 
the analysis of sewage and effluent given is the more instructive 
as the meaning of it was not understood at the time. 

Parts pkr too.ooo 







Crude 


Effluent. 






sewage. 




Solid matters in 


solution 


645 


8o*5 


Organic carbon. 


•■ ••• ••• 


4 39 


3 23 


Organic N 


. . • • • • 


2*5 


I '4 


NH, ... 


. • • • • . • . 


5*5 


4-6 


N as nitrates and nitrites 


None 


•328 


Total combined 


nitrogen 


7-0 


5*5 



That is to say, the anaerobic bacteria have acted in the usual 
way: — 

I. They have dissolved 16 parts per 100,000 of the solid 
matters or sludge, thereby increasing the solids in solution from 

64 to 80. 
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2. Some of the ammonia has been changed into, almost cer- 
tainly, nitrite, 

3. I 16 parts of carbon (25 per cent.) and 11 parts of nitrogen 
(44 per cent.) have been eliminated as non-ammoniacal gases, 
methane, N, and nitrogen oxides, with probably some CO2. 

Mr. Moncrieff began on a practical scale in 1891 by construct- 
ing at Ashtead a bacterial tank into which the crude sewage was 
admitted from below and gradually passed upwards over the 
surface of a l>ed of stones. He found that the liquefaction of 
the solids was so effective that the whole sludge of seven years 
from a household of ten persons was absorbed on nine square 
yards of land, causing no distinction in appearance between this 
soil and that surrounding. The space beneath the under-grating 
of the tank had a capacity of less than five cubic feet, and 
would obviously have filled up in a short time but for the 
liquefying action that had taken place. 

In 1892 his process was examined by Dr. Houston and later 
by Dr. Sims Woodhead and myself. Dr. Houston's report of 
1893 is practically the first literature on the purification of 
sewage as a whole bacteriological ly, without deposition or 
chemicals and with hydrolysis by micro-organisms of the grosser 
organic matter as a prelude to further treatment, a point which is 
not mentioned in the Massachusetts reports. 

In this way the difficulty of the production of sludge could be 
completely avoided. I have shown how great a part of this, 
during or after liquefaction, disapj)ears as gases. It is obvious, 
however, that the remaining liquid will retain the ammonia 
which has been produced by the hydrolysis, together with resi- 
dues of nitrogenous and carbonaceous dissolved matters, so that 
judged by ordinary standards of analysis, this liquid, in the 
first stage, will show somewhat large amounts of carbon and 
nitrogen. As examples of some effluents from Moncrieffs 
anaerobic tanks, derived from heavy domestic sewages during the 
early stages of experiments, I may quote the following analyses 
made by C. G. Groves for the Thames Conservancy, and by 
myself: — 

Parts pkr 100.000 



Sus- Dis- i , .Mbumi- 



Date. I Analyst I pended I solved CI. I *^'".* noid ! ^-'tyg*" , 

' Matter. ! Solids. : 1 monia. ^y^. consumed 



May 7th, 1895 
June 1896 

July 1897 



Groves. 
Groves. 
Rideal. 



Trace loi'o i 10*4 i5'o o*8 5*4 



M • 112*0 



2i*o 7'o o*8 

59-4 9*0 I 07 



3-9 
8-2 
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With reference to the first sample, Groves remarks that it 
contains a Imge amointl of nu'dy-decomposabU nitTogenous 
organic matter in solution. This great instability of the organic 
compounds that come over from cultivation tanks is the prindpal 
feature of the process. 

With the object of obtaining an oxidized effluent, Moncrieff 
then duplicated the tanks and used them alternately with periods 
of aeration and rest. The efiliient obtained was clearer, and 
had less odour, but showed practically no nitrification. That the 
liquid was ready for natural oxidation was shown by the fact 
that when at Towcesler in 1893. the effluent was passed into a 
small brook, the water actually became clearer below the dis- 
charge than above it. Efforts were ihen directed towards carry- 
ing on this final change within tlie apparatus. It was first tried 
to obtain nitrification by passing the effluent through "nitrifying 
channels." consisting of half drain pipes joined in line by cement, 
and filled with coke. But the results was not commensurate, for 
the reason that the right organisms were not developed. During 
the transit, the liquid was largely exposed to the light, whereas 
il is known that the bacteria forming nitrates thrive best in the 
dark. It was noticed that denitrifying organisms, which are not 
so sensitive, had actually in some cases reduced existing nitrates, 
as pointed out by Dr. Houston in the Ashtead experiments. How 
the difficulty was aftenvards overcome by the construction of tlie 
nitrifying Irays will be described later. 

I'p to this point there was still a belief that hydrolysis and 
aerobic nitrification could be carried on successfully in the same 
tank. At Aylesburj', air was forced in by a steam jet, with this 
object in view, but the result was unsatisfactory. 

It became evident that the nitrogenous organic matler must 
be as far as possible broken up into ammonia before being 
oxidized to nitrates, and that these two reactions should be 
carried on in separate areas, the one under anaerobic conditions, 
and the second with free admission of air but not of light, when 
Ihe distinctly nitrifying bacleria should lie free to work under the 
most favourable conditions. Even in very strong sewages there 
seems almost no limit to the capacity of the hydrolylic ferments 
to break down nilrogcnous matter into ammonia. Thus Marchal 
found that one of the organisms that eflecLs this function, A', 
mycoirlti. could thrive in a medium containing two parls in a 
■ thousand of caiisiic polash, eijuivalent lo 660 parts per loo,fxxi 
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of free ammonia, and in septic effluents in Lhe first stage I have 
found as much as 30 lo 40 parts per i(X),tKJO of NH,. 

But it was found on the other hand, that there was a limit lo 
the amount of anaerobic change if nilriJication in the further 
stage is to be carried to a successful issue. As already men- 
tioned (p. 103;, the prejudicial influence of ammonia i>n the 
nitrifying bacteria was pointed out by W'arington, in 1891. 
Winogradsky and Omcliansky* have recently investigated this 
retarding action of different substances, and have found that: 

1. Sodium carbonate is essential for the growth of both 
nitrous and nilric organisms. There would always be sufficient \ 
in sewage from the presence of washing soda, also from the actionl 
of ammonium carbonate on the sodium chloride of urine. ^ 

2. Various organic mfusions, such as hay, peptone, sugar, 
broth, etc, had little eflfect, or were even favourable, except in 
amounts unlikely lo be present in sewage, 

3. Urea was without effect when the amount is only 0-05%, 
but 0-5 lo o-8% hinders nilri&calion. Addition of 2% of urine 
resulted in the time required for oxidation being increased five 
times, and this result is due lo the large excess of ammonia. 

4. Iron sails seemed to assist tlie nitrification. I 
Tn experiments by the Moncrieff process at Calerham dealing 

with a heavy sewage containing 18 parts of CI per 100,000— the 
entire discharge from the barracks — the preliminary process was 
pushed much further than usual, to try if it were possible to 
carry the anaerobic fermentation too far, with the object of ascer- 
taining the most favourable point, by estimating the free 
ammonia, and finding what amount gave the best results in nitric 
nitrogen. Exceptionally anaerobic conditions were introduced, 
by means of inverted open-mouthed gla/ed earthen vessels, about 
400 in number, pded in a tank soft by loft, by gft. deep, and 
kept down by weights. Each pot became fdled with gases of the 
character I ha\e described, devoid of oxygen, so that there were a 
large number of surfaces on which zooglaea colonies of bacteria 
could quietly develop in contact with the [lercolating sewage. 
The result was an effluent containing 126 parts per 100.000 for 
dissolved solids, 35 of free NH3, and 53 of organic nitrogen 
The liquid was now highly toxic lo any but anaerobic organisms. 
and absolutely refused lo nitrify. When diluted, however, with 
a few volumes of natural water it rapidly became purified. 

• Clum. Cf.,l.a!bl.,n. i8y9. ij., 131. jt;. Rtl.l JU4. 




The :maerobic cuUivalion lank is therefore an essential pre- 
limim^ry, ;ind h used by Mr, Moncrieff ni all his installations. 
The work done in it is equivalent to thai which lakes place in 
ihe septic lank, about to be described, but il differs from it in 
design. Bolh processes obvialc tlie sludge difTirulty of ilie older 
precipitation method, and also the choking up of the o|)en down- 
ward contact beds advocated by Mr Dibdin. Drs Kenwood and 
Biiller poinl out thai an upward cultivation filter or lank has 
advantages over a septic lank in which there are no surfaces 
provided for the organisms, They say. " while upward filtration 
o'lifi i.io-^pect of effecting the separation and soliilion of 
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the sus]>endcd malters of sewage, it, at the same time, reduce*' 
the pollution of the effluent better than any system which aim*] 
al iheir removal by digestion in a hollow chamber, such as ti 
septic tank." Cultivation tanks on these lines are in course 
constructiuii at Finchley. (p. 2^ JootuoU). 

In 1895, Mr. Cameron, City Surveyor of Exeter, introduced his 
"' septic tank " process for the treatment of a portion of the 
sewage of the city, comprising about 1,500 to 2,000 persons, on 
the combined system, with a volume of approximately 50,000 
gallons. The tank is cemented watertight, and banked below 
the ground to keep it from changes of temperature, the lop being 
arched over and covered with turf, so that light and air are 
excluded. Tlie raw sewage, without screening or any preliminary 
Ireatnic-iil, enters by two inlets, which are carried down 5 ft. below 
the surface, in order that the entry may be quiet, so as not to 
disturb the bacterial layers, also that air may not be carried in. 
nor any gases escape back lo the sewer. After passing through 
a " grit chamber," ioft. deep by /ft. long, and of the same width 
as the tank frSft,), the sewage flows over a wall submerged one 
foot below the surface into the main portion of the tank, which 
is 56fLioin. in length, 7fl.6in. in depth, and i8ft. wide, its capacity 
up to the level of the liquid being 53.800 gallons, or approximately 
a day's supply. Hence the transit of the sewage is ordinarily 
very gradual, averaging about 24 hours in the lank, so as to gi' 
ample time and quiet for the changes. 

The Local Government Board have recently asked for a septic 
lank capacity equal to ij limes tJic dry weatJier flow. 1 believe 
that this capacity is largely in excess of what is necessary, even 
when storm-waler up to si.x times the dry weather flow passes 
through the tank. 

Thus the whole sewage becomes mi.xed and averaged, and the 
bacteria have a chance of working during the passing through 
the Gsft. length of flow, which the sewage traverses at ihe rate of 
a little more than two feet per hour. No obstruction is present, 
and the entire space is available, differing from what we have 
seen of tanks partially filled with stones or coke. In the latter 
the dimensions must either be larger in proportion, or the sewage 
must pass at a greater rate, the bacteria also are not so freely 
distributed through the liquid From the inspection chamber it 
is seen that a leathery scum from two to six inches tliick, 
according lo the position, collects on the surface and renders the 
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whole anaerobic. Below this is a zone of fermentation, in which 
the sewage is mainly clear, but bubbles of gas keep the liquid in 
a state of quiet admixture. At the bottom of the tank there is a 
layer of the dark peaty matter previously referred to (p. 87), which 
is so small in amount that during a period of one year*s working, 
it does not require to be removed. It is reported since, that after 
three years without clearing, the amount of sediment or residue 
from the sewage and excreta of a population of 1500 was under 
4ft. deep. The insoluble organic matter has been gradually 
broken up by the bacteria, while the inorganic substances have 
been kept in suspension by the gases and have passed off in the 
flow, so that the quantity does not sensibly increase. 

At the end of i8g8 I found this peaty deposit to contain : — 





No I. 


No. 2. 


No. 3. 


Distance from bottom, inches ... 


3 


9 


15 


Organic matter, per cent. 


3235 


3240 


3131 


.■\sh. per cent 


6765 


6760 


6869 


Nitrogen, per cent. 


238 


234 


245 


Percentage of N. in organic matter ... 


736 


722 


7.82 



MiCROSCOI'IC.VL ClIARACTKRS. 

1. Black amorphous matter, small sand particles, fragments 
of muscular fibre, dark coloured and corroded, and of other 
animal tissue ; large amoebae, cladothrix, micrococci and bacilli, 
fragments of faecal matter, vegetable tissue and hairs. 

2. Spiral vessels of a plant, anguillulae, egg of an entozoon, 
fewer amoebae, otherwise like the last. 

3. Anguillulse, vegetable hairs and spiral vessels, faecal frag- 
ments rather abundant, sponge spicules, animal hairs. No 
amoebae and very few muscle fibres : otherwise similar to the 
preceding. It will be seen that the older matter is mixed with 
recent substances lately arrived in the tank. 

I have also analysed the black deposit from the first contact 
bed at Hampton, in June, ic;oo (p. 199), it contained : — 

Water ... ... ... ... ... 718 

Ash ... ... ... ... ... 4^ 37 

Organic matter ... ... ... ... 4445 

ZOO'OO 
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Total Nitrogen ... ... ... ... 4 788 

Ferceiuage of N. in organic matter ... ... 10 79 

Organic nitrogen ... ... ... ... J 058 

Percentage of organic N. in organic matter ... 712 

Combined ammonia ... ... ... i 73 

The ash contained : — 

Oxide of iron and mineral salts ... ... i7()(} 

Coke ... ... ... ... ... 4 18 

Silicious matter .. ... ... ... z-j uj 



4S37 



The organic matter was therefore closely related to humus and 
was similar to that found in the septic tank. A microscopical 
examination .showed large numbers of anguilluhe, with amoebae, 
a few rotifers and flagellate infusoria, aquatic larva cases and 
portions of insects, a few animal hairs, possibly human, and some 
isolated fragments of muscular fibre, diatoms and desmids 
(synedra, etc.), vegetable debris, fragments of wood, epidermis, 
leaf hairs, ducts of ferns, spiral vessels, straw and grass stems. A 
large quantity of dark brown amorphous matter, of humous 
character. Crimson particles and dyed fibres, blue and orange, 
fragments of coke and coal, sand, and carbonate of lime crystals. 

Still more recently I collected some of the black floating 
particles from Stoddart's continuous filter at Knowle, Bristol 
(September 28th, 1900). The total weight of deposit was 437 
parts per 100,000 of effluent. It contained : — 

Mineral matter 
Organic matter 



3I9I 
6809 


100 00 


469 

^57 
688 



Organic nitrogen 

Combined ammonia 

Percentage of organic N. in organic matter 

The microscopic examination of the above showed, aquatic 
larva cases, fragments of winged insects, numerous anguillulae, 
Crustacea (Daphnia), rotifers, infusoria (monas, paramcecium, 
vorticella), algae (cladophora and species of conferva), clado- 
thrix, beggiatoa, fungus-mycelium, black particles, probably coke, 
brown amorphous matter, silicious particles, vegetable hairs and 
fibre.* 

• Trans, Soc. Engintets, 1900. p. 247. 
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We have seen in Chapter V. that humous matter is favour- 
able and even necessary for subsequent nitrification. Humic 
acid in presence of water absorbs large quantities of ammonia.* 

Dibdin and Thudichum found that the suspended solids in 
the tank effluent averaged nearly 20 parts per 100,000 less than 
those in the sewage, equivalent to 246 tons of solid matter 
removed by the tank in a year. In August, 1897, one year after 
the tank had been started, the solid matter in it was found to be 
5 tons, therefore the difference, nearly 20 tons, had dissolved and 
in great part disappeared as gas. This result has been confirmed 
in other cases : Mr. Fowler found that in the experimental tank 
at Manchester about two-thirds of the suspended solids were 
removed with the production of little sludge. 

The flow through the tank is continuous, tlierefores requires no 
attention for Sundays or at night. The submergence of inlet 
and outlet minimises the disturbance of the contents. At the 
far end of the tank, a transverse iron pipe, about a foot below 
the level of the liquid, with a slot on the under surface extending 
its length, forms an exit for the effluent, which passes into a 
small cistern with a V-gauge, and then falls in a thin stream 
over an aerating weir, with a view to restore aerobic conditions, 
by allowing products of fermentation such as hydrogen and 
methane to escape (see p. 84 ante), and introducing some oxygen 
(p. 100). It then flows through distributing channels on to filters 
of coke breeze or clinker, similar to those at Barking and Sutton, 
four of which are used at a time, and one kept in reserve. An 
automatic gear devised by Mr. Cameron regulates the cycles of 
filling, resting full, emptying, and aeration, so that here again 
no attention is required. The Local Government Board inquiry 
of 1897 approved of the system being applied to the whole of the 
city, of a population of 46,0a), with the usual proviso as to land. 
The daily flow is i,o()4,6io gallons, and for this, six tanks 181 ft. 
by 35ft. by 7ft. deep, with a capacity of 262,422 cubic feet, will 
be provided, in which the suspended solids will dissolve. Eight 
filters, of a total area of 2\ acres, or 13,600 square feet each, 
having a depth of 3 J ft. of crushed furnace clinker on 6in. of 
coarse gravel, and a working capacity of 2\ million gallons a 
day, operating with the alternating gear as before, will deal with 
the tank effluent. 



♦ Otstm. Chem. Zeii., 1900, Hi.. 516. 
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It will be seen that Mr. Cameron, like Mr. Scott -Moncrieff, 
carefully differentiates between the hydrolytic or solution 
and the subsequent oxidation required for final purification. 
Dr. Sims Woodhead has shown that while the anaerobic organisms 
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are more numerous in the tank, a number of liquefying aerobic I 
organisms are still present, and increase on passing over the 
aerating weir. The fillers are, of course, intended for aerobic 
working, but are open to the objections already urged against 
intermittent filters. 

The changes occurring in the tank are rather complex. 
Analyses were made by myself, and by Dupr^ and Perkins, in 
t8q6 and at suVisequent dates, and by nibdiii and Thudichum, 
and Pearmain and Moor, in 1897, From these it appears that the 
total dissolved solids are increased somewhat, but not in relation 
to the organic dibris that has passed into solution. A large , 
proportion has undergone the hydrolytic decomposition wliich i 
we may represent in two forms ; — 

I Producing nitrogen, methane, a small quantity of hydrogen 
and carbonic acid, as in the typical equation already given : — 
4CJ^l^N,0,+ l4H,0-4^^, + l9C^,+ I3C03 + 3Ha 
2. Producing ammonia, CO.,, and a large quantity of H:- 

2f\II,,N,0,, + 26H,O-4NH3+!firo^i'33Ha 
These reactions go on simultaneously, along with othen^l 
according to the species of bacteria present The result is the \ 




The ammonia and the major part of the CO^ remain in the 

solution, which contains on an average ^j per cent more of free 
NHg, 2Q per cent, less of organic matter as measured by the 
oxygen consumed, and 46 per cent, less of albuminoid ammonia. 
It is interesting that at the Massachusetts experimental station, 
where the first studies of the " Septic Tniik " were made in 1S98 
(Report Slate Board, iSgg). with their model lank the average of 
monthly analyses gave in parts per ioo,ncx): — 



ITemp, 


Free ' -Albuminoid NH„ 

NH, L ,1 Dia- ( Sds- *^* 


Ocon- Nilric 
sumed N 


Nit- 
ron N 




1 




K)lv«d 


pended. 








Raw MW^e ...' 


<■« 


079 


o'47 


032 ' 9-21 


4-00 







Tank effluent 


S'" 


4-86 


OMi 


03. 


OOQ lO-tl 


x-ig e> 


" 


J'ifl 


Cokefillrale 




'74 


0-104 


oi(M 


- 10-53 


o-Ci 1 cBo 


■00S6 




hy lank .. 




+ .0 


- i» 


-3" 


- 7» 


-43 




~v 


Per <»ot. improve- 
meni at liniih .- 




«. 


87 


87 


tw 


is*i 1 
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The action of the tank is in close accord with my results at 
Exeter in 1896 and later. At first the tank effluent, according to 
the usual American practice, was sent over a sand filter, with, not 
unnaturally, a bad effect, on account of the closeness and lack of 
aeration ; afterwards a Dibdin coke bed with intermittent filling 
was used, and produced a rapid and good result. The report is 
in favour of " a much smaller septic tank than has been proposed 
I abroad, because Ihe sewage has travelled far and has lost its 
oxygen," and already undergone much of the anaerobic change 

The organic matter is now in a readily oxidizable state, and 
passes on to the second or aerobic stage, in which it is dealt with 
by the filters. A large amount of carl>inic acid is produced in 
the filters by oxidation of the organir matter, and is driven out, 
in the stages of filling. The residue of the nitrogenous matter 
is changed into nitrates averaging about one part of nitric 
nitrogen per ico,ooo. 

The following table shows the per-centage purification pro- 
duced by the Exeler process, as stated by different observers at 
the inquiry in 1897, measured by the reduction of albuminoid 
ammonia and of the oxygen consumed : — 





Albuminoid 
NH, 


Oxygen 


laS.:;: :;■ ::; ;;: :: 

Dibdin and Thudichnm 

Pearmain and Moor 


84-9 

So-c 


88-3 

900 


Mean 


73-6 


840 



My own figures for the separate stages of purification per cent., 
published in r8g6. were as follows : — 



Ik^ 



The installations at Yeovil ;ind other places have proved that 
the seplic tank process is not affected by manufacturing refuse. 
The smoothing ;ind diluent effect in the volume of sewage, and 
the room for precipitation and neutralization by the ami 
^leem to obviate lliese difficulties 
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Three other points m the Exeter Local Government 
Inquiry require comment. One was the action of 
diamber. On entering this the heavy particles of gravel and 
sand at once sank, while the organic refuse, which in fresh sewage 
always floats, passed over the submerged wall into the tank. 
The result is that no solid sewage remains in the grit chambers, 
and the gravel may at intervals be dredged out without disturb- 
ing the contents of the tank. This is not at all parallel to the 
action of screens or straining filters, which also arrest the solid 
organic matters, thereby forming a subsidiary sludge 

The second point is as to the slay in the tank. The flow of 
the liquid through the tank in dry weather occupies 24 hours or 
more, and in wet weather may be reduced to ? hours. During; 
that time, it is, as we have seen, profoundly altered by the action 
of the anaerobic bacteria. But the more intractable portions of 
the solid matter remain much longer; they are entangled by the 
active zooglfea scum on the surface, or may slowly sink to the 
bottom : and accumulate in the lank until the rate of dissolution 
is equal to the accrelion of the fresh solids. When equilibrium 
is established, the scum and the sediment, though showing some 
fluctuation, should have an approximately constant volume. 

The third point, the possible survival of pathogenic organisms. 
has been dealt with in Chapter IV. 

At Barrhead, near Gl.i.sgow, works on the septic tank system 
have been constructed, designed for a population of I0,CXX). and 
a maximum flow of sewage and storm water of 400.000 gallons 
per day, with provision for dealing with much larger exceptional 
quantities. There are two grit chambers, four septic tanks, and 
eight aerating bacterial filters, the whole built in concrete. Each 
of the lanks is looft. long by i8fl wide and 7ft. deep at low 
waler. roofed by concrete arches on rolled steel joists with brick 

The dry weather capacity of the four is 312,500 gallons, but 
in periods of storm allowance is made for a rise of 18 inches, or 
an additional capacity of 70,000 gallons, the flow to the filters 
being maintained constant by two controlling modules. Each 
filler is 5sft by 54ft in area, with 4ft, depth of broken furnace 
clinker ; total filtering area 2,i;4o square yards (fig. 37) Two of 
Ihe eigh! filters are usually kept in reserve The practical 
working is the same as that at Exeter. 

One of the few installations in tfie United States on the Exeter 
principle was constructed by Mr. James Owen, of Montrlnir, at 
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Overbrook, New Jersey, 
The tank is built of con- 
crete 50X i8fl. and loft. 
deep: capacity 65,000 gal- J 
Ions. There were four filter j 
beds, each 14ft. square and 
5ft. deep, giving an area 
of 784 sq. feet As at 
Lawrence, the material at 
first was sand, and soon 
became clogged, afterwards 
coke-breeze was substituted. 
But the effluent was offen- 
sive and contained sul- 
phuretted hydrogen, and ' 
the channel was fouled, so 
that a notice of abatement 
was received. Two larger 
beds, with a total area of 
4500 sq. feet, and 3 feet 
deep, were constructed, and 
are now filtering the dis- 
charge from the tank, and 
giving an effluent clear, 
odourless, and of good 
chemical quality. With re- 
gard lo the lank effluent it 
is stated that " if allowed 
lo stand, the odour disap- 
pears in about three hours, 
and there is no resulting 
putrefaction, but a strong 
growth (if alga;." The 
total cost was about £Boo. 
The sewage average."* 80,000 
gallons [)er day, so that it 
ordinarily flows through the 
tank in about 20 hours. 

At Independcm 
souri, a plant of a more 
complex character, d' 
cd by Mr. A. RosewaterJ 
M. Am. Soc. C.E., is aq 



i 
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work. It includes two sets of circular septic tanks. 

diam., divided by au annular wall of loosely laid bricks, 

of the sewage can be reversed by \alves to prevent i 

Each tank communicates with two circular filters, to which the 

flow can be switched at intervals. The filters are constructed on 

the Moncrieff system, with 4 coke breeze Lrays separated by air . 

spaces, as will be described presently. | 

The "Ames Tank," used at the Iowa State College at Ames, 
is a semi -anaerobic arrangement in which the contents of the 
receiving chamber are remo\ed intermittently every 6 or 7 hours 
instead of continuously, air being drawn in at each dischai^. 
The benefit claimed is that "escape is provided for the gases of 
decomposition which have been found injurious to the purifying 
organisms of the filter beds, therefore there has been no difficulty 
in establishing nitrification " This remark of course applies to 
the use of a close-textured filtering material afterwards, in this 
case gravel and sand. But the preliminary resolution of the 
solids is very imperfect, and the sludge has to be removed from 
the chambers once a monlh, amounting to 6 or 8 loads, the sewage 
being 40,000 gallons daily. At intervals a sediment has also to 
be removed from the surface of the filter beds, and every few 
weeks they require raking, or clogging and offensivencss would 
occur. The rate of filtration is 100.000 gallons per acre per day. 
Profs. Weems and Pammel give analyses of the raw sewage and 
tank and filter effluents at 6 monthly intervals, in which the ' 
following correspond to the highest and lowest figures 
albuminoid ammoni;i 





Ftm 
NH, 


Album'd 
NH, 


Nilric 

N 


Nitrous 
N 


eoTiauuied 


Rftw I 


166 

367 


,f> 


aZn 


■04 




r^.{ 


1-94 
l-a3 


■60 

1-46 




liace 


I 


"7'4 
178 


™»{ 


0-94 


•096 


■8 


■016 


'ri 



The organic matter appears to be mainly of vegetable 1 
' carbonaceous character The oxygen consumed figures are vei 
remarkable. The nitrification is poor. 
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In septic tanks the sewage enters and emerges at practically 
the same level, so that, for the Erst part of the process, no pump- 
ing is required, nor diRerence of level necessary in the land, as , 
in most other processes. 

A certain time is, as usual, required after a new installation for 
the bacteria to attain full activity, but on account of the absence 
of interruption this would appear to be short, especially if 
inoculated with scum from an old active tank, after which the 
process goes on automatically. 

Later improvements in Cameron's plant (patent 5671, 1898). 
construct the tank with two or more decks or floors, whereby the 
separation of the solids is mucl] facilitated, and the deposit 
comes belter in contact with the fresh sewage. FJepressions or 
pockets may be provided into wijich the sediment may drift, and 
from which it may be removed without emptying the tank. For 
the utilization of the gas generated, two or more outlets are con- 
structed at different levels t when the lower ones are closed, the 
liquid in the lank rises and so creates a pressure by which the gas 
can be exj^elled In the automatic gear, the actuating buckets 
are now suspended from the levers carrying the valves described 
in sfKJcifi cation 3003 of 1896. ('See pp, 272, 273). 

Separate Zones. 

It has been already pointed out how in ordinary bacteria beds ' 
the natural reactions are somewhat fortuitously reversed and con- 
fused, according to the periods of tilling or rest, the fault being , 
caused by mixing all the different bacteria in one or two larger ' 
filters. 

By using a series of smaller, separate areas, .ind passing the ' 
effluent contmuously and progressively through them, with 
ample opportunity for the access of the ;iir where it is required, 
the organisms gradually choose their own conditions, and allied 1 
groups gather togetiier at diffeieni levels as coatings on the I 
filtering material. The advantage of separating the organisms 
appeared early from a remark of Jordan and Richards, in the 
Massachusetts Report of 1890 (ii. 877), that "in llie filter tanks 
at the Lawrence Experiment Station, s|)ec<iy nilrification 
always coincident with a marked decline in the numbers of ] 
bacteria. The more complete the nitrification, the fewer wen i 
the bacteria in the effluent," In the latter sections the nilrjfyingJ 
organisms should be almost alone, ;ind therefore able to e 
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their full activity. In this way Mr. Moncrieff has secured a 
much higher nitrification than has been obtained by the other 
processes. 

This he has accompUshed by spreading the " tank dHuent " 
by tipping troughs or distributors over the uppennost of a series 
of ''nitrifying trays." (See fig. 38). In experiments at Ashtead 
with a domestic sewage, nine perforated trays, each having an 
effective area of one square foot and containing seven inches of 
coke broken to one inch in diameter, were supported vertically 
over one another at about three inches apart It required only 
from eight to ten minutes for the liquid to pass through all the 
trays. (Chapter XII.) In 1898, after the apparatus had been 
running continuously for three months, I collected on two occa- 
sions samples from the different trays and examined them 
separately. The rate of flow was approximately measured as 
follows: — 

; Flow observed. ' Equal W gallons 



January 15th. tS^S I 1 litre in 15 minutes. -. 

February 8ih, 1898 I 1.140 c c. in 12 minutes. [ 

Mean ... i I 

The results of these analyses of the tank effluent and final 
filtrate from the ninth tray are given in the table :^ — 
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WnF 



K Qf 



.W^«W 



dZ—ZX 



A, Raw Sewage inlet; B, Grit chaml)er; I), Cultivation tank; H, Outlets to 

channel J ; P, Nitrifying trays ; M, Tippers. 
Fig. 38. — Section of Scott-Moncrieff Cultivation Bed and 

Bacteria Filters. 



Parts per 100,000. 





I 


• 


II. 


in 







9 





9 


9 


Chlorine 


90 


75 


63 


64 


55 


55 


Ammonia 


115 


025 


425 


0755 


40 j 042 


Albuminoid ammonia... 


1-5 


060 


293 


0475 


I 472 


107 


Nitric nitrogen 


012 


90 


none 


598 


none 


434 


Nitrous nitrogen 


none 


sl't trace 


1 , 
none | oO 

1 


none 


0034 


Total unoxidised N 


: 1235 

1 


060 


660 I 12 


535 ; 0148 


Organic N 


1 205 


0394 


3 10 


050 


2 oG [ 0113 


Total nitrogen 


12.47 


260 


660 


7 16 


535 ' 4522 


Oxygen consumed 


984 


0589 


905 


0608 


752 


0632 




Per-ckni 


AGE Purification. 






I. 


II. 


III. 


Average. 


(i) Oxygen consumed 


• • • • • • 


94 


933 


9 


H6 


93 


(2) Oxidation of nitrogen 


• • • • • • 


93 7 


843 


S 


^7 


91-6 




I, The nitrate has developed with extraordinary rapidity. 

This may be seen from the following table of effluents, which 
yives in the first column of each heading the original results and 
;hlorine ; in the second, the results calculated to a nniforni 
hio parts of chlorine, to admit of comparison -. — 
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Table of Comparative Nitration. — Parts per 100,000. 

Scot t-M one rieft. 
Dibdin : Cameron 



Garfield : 

Manu- 
■facturing 



Chlorine 



22-4 



N as Nitrite 
N as Nitrate 
Oxidized N i 67 



10 



Garfield : 
Domestic 



no 



10 



0750 95 10 86 



Ashtead. 



Sutton. I Exeter. 



I 



II 



III. 



Cater- 
ham. 



12 8 10 I 7 .10 75 



067 052 trace trace tract- 
I 53.1 20 106 I 51 90 

i a: ' 
2 20 125 1 1 06 151 90 



't 



10 ' 64 10 I5 5 10 ii3 3 10 



Iran-, 06; 09 034 0C2 346 260 



12 05 98 9 35 

I 
I20;6 04 9 44 



4 34 7 9 90 :670 



4 37 7 96 



9 35 I 7 02 



2. The formation of nitrite is much less marked ; it rapidly 
reaches a maximum and then declines. 

3. The free ammonia has been almost completely oxidized ; at 
the same time it was noticed that the original yellowish colour, 
black suspended matter and sewage odour had disappeared.* 

The following figures give the oxygen relations which I found 
for the first and last trays : — 

Pauts pkk 100.000. 



Dissolved 
Oxygen, 
c.c. per 
litre. 



Oxygen 
consumed 
by organic 

matter 



.Vvailable 
Oxygen. 



Jan. 28th— 
Original 
Last tray 

I'eb. 8th— 
Original 
Last tray 



o 
<>*34 



^"54 
039 

9*05 
0-44 



minus 9*54 
f'lus 20 I 

minus 9 05 
pins 1 2 99 



The organic. matter had been very greatly reduced for so brief 
a time of contact, and the effluent was in a state of rapid natural 
purification by means of its " available oxygen '* (p. i lo). When 
allowed to stand, the oxygen of the nitrate is utilized for the 
burning up of organic matter, provided the latter has been pro- 
perly fertftentedy as in this case it has, and the effluent can thus be 
finally purified by a denitrifying bed. 

In the trays described above the quantity of available oxygen 
is obviously far greater than would be supplied by any process 
of mere aeration, hence, as I have previously stated, such 

•It is stated that " by transposing the trays so as to upset the natural survival 
of organisms in the sequence, the whole process was arrested, a high coloured and 
inferior effluent being the immediate result, and one or two days were required to 
re-establish the conditions that had been disturbed." 



I of 
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effluent could be easily "finished" by a fine filter without 
fouling the latter, or could be beneficially applied to a small area 
of land, or mixed with a river of moderate volume not only 
without pollution, but possibly with an actual benefit to the 
stream. 

Tlie principle of dividing the bacleria into separate zones, 
where each class can naturally choose its own habitat and work 
successively to others is paralleled by tlie rotation of crops. Of 
the antagonism and symbiosis of bacleria we have already spoken 
in Chapter V. 

Dr. Sims Woodhead, in some experiments on coke-breeze filters 
erected on the upward filtration principle at the Claybuiy Asylum, 
states that m samples taken from the dee[>er parts of the filters, 
anaerobic organisms were more numerous, and ammonia was 
present in large quantity ; " while taking tlie sewage as it ran from 
the surface," aerobic organisms prevailed and oxygen was present, 
with the result that nitrates were the predominant feature In 
both cases those species were specially developed, "which had a. 
very great power of peptonizing gelatine, of setting free marsh 
gas from sugar or possibly from cellulose, and ammonia from 
nitrogenous compounds." 

From olher experiments he recognized " that there was a sharp 
line of distinction between the work done by the anaerobe, and 
that by the aerobe, and that the Iwo processes should be kept as 
separate as possible." In this filter, natural working had establish- 
ed separate zones for the two operations, but being too close in 
one apparatus, they were liable to vary and intrude on one 
another, and a smell was sometimes present. 

Installations on Scott- Moncrieff's principle have been working 
in many places in South Africa, where frost does not present any 
difficulty by retarding the work of the organisms In cold 
countries a slight protection seems to be sufficient. At Caterham 
Barracks. England, the filter-house is enclosed in a brick building 
with a concrete roof. These works were constructed for the War 
Office, in 1898, to deal on the Moncriefif system witli about 
16,000 gallons daily of an exceptionally strong sewage. In the 
intensification within a small area (the whole space occupied 
being about 200 sq. yds., the cultivation tank 42ft. « 20ft, and the 
nitrifying trays about the same), probably the work which is being 
performed approaches to the limits of the amount and strength of 
sewage that cin be dealt with without dilution. When it is stated 
something like 2,000 lbs, of butcher's meat arc consumed 
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every day, and that to obtain a completely successful result the 
organic nitrogen must first of all be entirely changed by the 
anaerobic fermentation, either in a gaseous form, or into nitro- 
gen as ammonia, it may readily be underslood how rapid and 
active the process must be. As mucii as 35 parts of ammonia 
per icx),ooo have been found in the hydrolysed sewage, and over 
29 parts of nitric nitrogen have been obtained from llie trays. I 
have never before experienced such large figures from nitrificalion 
In September. 1899. I collected and examined sixteen samples 
at Caterham, extending over a period of a week (p. 26). and repre 
senting two cycles of 24 hours, when the filter was producing 
effluent at an average rale of 340,000 gallons per acre Tl 
average results were ; — 





Haw Sewage 


lank Effluent, 


tini^ed Effluent 


ChloriDe 




U-H 




Oconsumeil 


14*97 


9 'is 


271 


Nitrous Nitrogen .. 




trace. 




Nitric Nitrogen 






00 


Organic Niirogen 








,\mmoniacal Nitrogen 








Total Nitrogen 




17-6 


Ij-O! 






The percentage purification was :■ 



Raw Sewage to Tanlc Effluc 
Ditto to fioisbed Effluent .. 



1'5 



The Caterham plant is also instructive from an agricultural 
point of view, because a small sewage farm, almost sterile, on 
account of the chalk forming nearly the entire surface, lies with 
a very steep slope immediately below. Before the apparatus 
was put to work, the crude sewage, partly strained, was passed 
over this land with small manurial effect, but occasioning 
stant complaint on the score of nuisance. Such a soil is excellent 
for the purpose of absorbing an excess of liquid, but is not 
active medium for dealing with crude sewage as manure. Ni 
it appears that the farmer. looking at the thing from a rough 
practical point of view, is anxious to obtain the sewage at all 
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,ges of treatment, and would be glad to take a much larger 
lantity than is supplied, as the effluent is clear and odourless, 
while the vegetation where the effluent is applied is iuxurianl. 

Acting on my suggestion, Mr. Moncrieff has compleled the 
Caterham installation by placing two denitrifying tanks after 
the nitrifying filter. These tanks receive the overflow from the 
hydrolytic tank, together with the nitrated effluent, and in ihis 
way the oxidizing filters can work to their best advantage, the 
lurificalion of the effluent being completed by denitrilication of 
le mixed liquids. 

The Manchester ExpiiKJMENTd, i8gy. 

For many years one of the most difficult problems lias been tlie 

isposal of the sewage of Manchester After many experiments, 

it was treated at Davyhulme on the old London plan of screening, 

adding milk of lime, then ferrous sulphate, sedimentation, and 

discbarge of the clarified or filtered liquid into the Ship CanaL 

[The sludge was stored in two tanks, holding i.ooo tons each, 

thence flowing at intervals into a sludge steamer which carried 

[it to sea. But the pollution of the canal by the effluent led to 

ilerference from the Mersey and Inveil Jomi Commitlee, and to 

le necessity of the adoption of some other system. The 

Manchester Corporation in June, 1898, instructed Baldwm 

Latham, Percy Frankland. and W. H. Perkin. to examine into 

the merits of various processes. 

.A Deputation of the Rivers Committee had previously report- 
in March, 1898 ! — 

[, "That filtration by land is altogether impracticable, as no 
part of the land at Davyhulme, nor any land obtainable in the 
district, is suitable for such process, and your siib-Commillee have 
ample proof of this by the experiments which, at great cost, have 
been made upon 25 acres nf bnd al the works. Wherever 

hey have visited the works of other authorities, in all cases the 
and filtration is ineffective, and is. in many cases, to be super- 
eded by artificial methods uf filtration. , The imposition of 

onditions by the Local Government Board, making the purchase 
if large areas of land rompulsory, should be removed." They 
uggest a Royal Commission, since apjjoinled. to investigate 
ecent progress in sewage treatment 

2. " Thai no practicable system of precipitation by chemicals 
j^^^as been laid before them which wilt meet the requirements 
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of the Mersey and Irwell Joint Committee." [The experiments 
had been very elaborate, and are detailed in the City Reports of 
1 897 and of previous years,] 

3. They agreed that the method nearest to natural action and 
" most reasonably practicable and reasonable for adoption " was 
the biological filter or bacteria bed, such as had been seen in 
operation at various places. 

The land available at Davyhulme for all disposal purposes is 
165^ acres and the three exi^erts soon concluded that this area 
was ample for the necessary works lo purify the sewage including 
storm-water^ — -the works existing at the time rxrcupied 27^- acres. 
They pronounced adversely on the altern;ilive proposals of treat- 
ment of a tank effluent on laud, and the Culvert scheme for 
conveyance of the present effluent through a tunnel to the tidal 
part of the Mersey. J 

The experimental plant of 1 Sqq consisted of three independentl 
sections. I 

I. Bacteria Beds. — These were five in number, zvith sides Aaving 
a slope of two to one. filled with 3ft. of clinker of the following 
sizes : — 

A passed 3in, mesh, rejected by lin. mesh. ^H 

B tin. ., ., ^in. ,. H 

f ■■ Jin im. „ ^ 

D&E ., iin Ain. ., 

The distribution on each bed is effected by a main wooden 
trough with six branches, laid on the surface, and perforated with 
holes near the bottom. A similar arrangement of drain pipes 
collects the liquid below. Two of the filters are high, and two 
low level, E being extra : A. B. C, and D have each an effective 
;irea of ,V acre. 

A and B were started with settled sewage in Sept.. 1898. run 
on at first once, then twice, and finally three times a day. Raw- 
sewage (screened through a grid) was commenced on Oct. 27th, 
1808, and was increased after a time to four fillings per day. The 
times in each cycle would now be: filling a hour, resting fnll 
2 hours, emptying J hour, resting empty zi hours. After a week 
Ike surface of bed A showed signs of clogging, so settled sewage 
was again used. Subsequently the time of filling A was shortened 
to J hour, and of emptying to -J hour, to give a longer period 
of rest, .ind also because it was thought that by " rushing " se\vage 
on to the filter a larger amount of air would be entangled with it. 
The result would belong to the partially aerobic class br/t with as 
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much lis possible avoidance of suspended solids. Samples In all 
cases were taken at short intervals and mixed for analyses. No 
other details are given of the sampling (See Chapter II). except 
that Mr. Fowler ^dds that it was adjusted hy regulating the flow 
through the penstocks, so that samples taken at equal periods of 
the discharge gave a strict average. 

Beds C and D were first used together in April, 1899. being 
filled twice a day zvilh settled sewage, with J-hour filling and 
two hours contact. 

II. Sepiic Tank System.— The tank was built of concrete. 
4oft,x 12ft., with an arched roof gft.2in- high, and air-tight man- 
holes. The rest of the construction was as at Exeter. Tlie beds 
were six, with vertical roncrete walls, the total area of hitering 
material being ig6 sq. yds., and the depth 4fl., composed as 
follows from the bottom upwards ; — 

ift. rlinker between 3in. and lin. mesh, 
aft.pin. clinker between Jin. and Jin. mesh. 
3in. residue from above, passing at ^in. mesh. 
Raw unscreened sewage was passed through, but not so 
regularly as at Exeter. 

III. Roscoe Filters.— These are two in number and were first 
used in December, 1895. They are each t2ft.6in. by 18ft, or 25 
sq. yds, with a depth of 4 ff., filled up to 3 ft. with filtering 
material consisting of rough r! inker, graded coke or cinders, and 
a covering of clean gravel Three, and afterwards four fillings 
daily of chemically-precipitated efluent were made in periods 
like the bacteria beds. 

It became evident that the main difficulties with contact beds 
were due to their being used chiefly as simple strainers, and that 
a previous [ireparation of the se\vage was necessary. Except 
with the septic tank, this had taken the form of screening, sedi- 
mentation, or precipitation. 

One of the most imporl.mt features of the enquiry was a com- 
parison between a closed and nn open septic tank The former, on 
the Exeter model, has been described .nt p. 238 For the latter 
one of the large precipitation tanks at Davyhulme was used, raw 
sewage being allowed to flow over the end sill in a very thin 
Stream, pa'.sing throu(^h the tank almost continuously from Feb. 
899, at a rate of 1.700.000 gallons per 34 hours. Similar phen- 
omena to those al Exeter are describcti, the liquid becoming 
covered with a sairo which exchided the air, while " tip to the 
present time the only not.ible quantity of shirjpp which can be 
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perceived ... is immediately beneath the inlet penstocks 
an enonnous quantity of the sludge which would otherwise a 
mulate has been destroyed in this way." The effluents from both \ 
closed and open tanks are shown to be closely similar' 

With reference to Ihe question of closed or open septic tanks. 
i may remark that some of the advantages of the former are that 
the gases can be utilized and all smell avoided, that the tempera- 
ture is more even, and there is no interference from frost or wind. 
At the same time it was found at Manchester that the outfall 
sewage was lo" F. warmer than the temperature of the air. 

The c/ose// tank and singlf contact gave an effluent which 
" generally resisted putrefaction in the incubator test, in conse- 
quence of its containing a comparatively high proportion of 
nitrate." The effluent from the open tank was passed through the 
beds C and D, and by the " double contact," a better result was 
naturally obtained. " With four fillings per day, every sample 
was non-putrescibte, and well within the limit of impurity." In 
other instances where the Mersey and Irwell Joint Committee's 
standard (i gm. per gal. of O absorbed in four hours, and Oi 
grain albuminoid NH^l was infringed, it was shown to be due to 
trade refuse, "which, being non-putrescible. does not cause 
nuisance in the Ship Canal." " The object of purification is 
primarily the production of an efRuent free from putrescibility, 
and not one in which the chemical ingredients are below some 
necessarily more or less arbitrary standard." (See Chapter III., 
p, 44 ; Chapter V.. p. I lo. 

The observation is confirmed that by mixing a nitrated effluent 
from a "second contact" bed with that from a first, a liquid is 
obtained which withstands the incubator test, and it is suggested 
that this is a novel means by which only one-fifth of the total 
acreage of the filters need be at a low le\'el .+ 

• Tn an enqairy at Yeovil, in March, 1900. the balance o( opinion wa.s that in 
the caw of aslroni; sewaee a closed lank is necessarv Oprn sepiic tanks are 
now often called •■scum tanks" Drs Kenwood and Hutler stale (Sanitary 
InstltulF, April. :9oil thai in ihe Willesden and Finchle>' scum tank the shidce 
maintafni a fairly uniform bulk, and certainly does not accumulate sufiiciently to 
require removal for many months, " and that at Acton after a year's working the 
depotii avera|;eB only a ^w inctirs with a sponjjy scum R lo to inches deep. The 
albuminoid ammonia is reduced 40 per cent., the ttladfie contains 78% of non- 
volatile matter, while the scum contains 39% The depnsiied sludfte can )>e 
removed with little offence, and at Finchley has been sprearl o\rr xmall area<i of 
land, with no offence, even [n the immediaie neiRhbourhofd. 
" t Probably the previous observations of Adeney, Scoii-Monciiefl (Patent 1094, 
March, 1S98}. and others, had been overlooked : compare also my lecture at the 
Sanitary Institute on December gih, 1896 fj San. IhsI . nviii., i, p 75) Mr 
Fowler, in a private letter to the author, states that he advocated the use of 
nitrified effluent as a purifvinK ai;eni in the summer of 1H06 
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A practical advantage accruing from these experiments is that 
the area of the second contact beds may be considerably reduced. 
so ihat in many cases it is possible to place the outfall works on 
a site that would otherwise not be available. At Manchester 
experiments hnve apparently not yet been made on the lines which 
I indicated some years ago of introducing a portion of the 
nitrated effluent into the septic tank itself. It is obvious that 
the denitrificatton change which takes place on mixing the effluents 
from the first and second contacts is due to the reaction between 
the nitrates in the second and the organic matter in the first, and 
that this change could be induced earlier in the process as soon 
as tlic organic matter is in a soluble reacting rondition. It Is also 
clear that ,1 denitrification change can be more economically con- 
ducted in a tank which is conlinuously full, than in a filter bed 
constructed for aeration. The maximum nitrification takes place 
with most energy in those liquids in which the organic 
matters, especially carbohydrates" are a minimum, and there- 
fore a denitrification change effected during llie anaerobic prelim- 
inary stage, by reducing the oxygen -consumed figure to a greater 
extent than would be tlie case if the change were only due to 
hydrolysis, yields an effluent which contains its nitrogen in the 
most available form for the changes of which nitrification is the 
final result. Thus for example, a hydrolysed effluent with, say an 
oxygen-consumed figure of 3, and unoxidized nitrogen 10 parts, 
on passing through the filters often yields not more than 3 parts 
of nitric N ; if however, a portion of this liquid be relumed lo 
the tank, it will so reduce the O consumed figures, as to allow the 
nitrification to approximate to the theoretical amount 

The Re]X)rt nf the experts finally r 



mmends 



that the sewage, as it arrive; at ihe works, be submitted to an 
efficient process of screening (or to roughing tanks), ihen passed 
through ihe present open tanks " provided with submerged walls 
and floating scum-boards to retain the mutters in suspension," and 
afterwards to double^xintact beds of an area of 60 acres, and a 
depth of 3,1,^ ft., with four fillings per 34 hours. The dry-weather 
flow of sewage being 30 million gallons, the quantity dealt with by 
the filters is half a million gallons \ier acre, allowing one day per 
week rest. The open scrii mentation lank.* were lo be inrreascl so 
as lo hold t5 million gallons ; ihey woulfl therefore change their 
'n dry weather every twelve hours, ftefiert 
f (flmmitm. Jim. iind. iqoo. 
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As to storm-waler it was found that in place of being merely 
diluted sewage, the chlorine numbers showed that the sewage was 
hardly diluted at all, while there was even a greater amount of 
oxidizable matter in the first flush than in ordinary sewage. 
They advise that during a storm the flow of sewage should be 
dealt with in the system of tanks, and double conlacl-beds — " the 
excess of flow, after passing through roughing lanks. should be 
taken to specially-prepared bacteria beds of an area of at least 
35 acres." After a storm the beds were proved to have shown 
no decrease in efficiency. 

In answer, the Local Govemmcnl Board decided that a larger 
area of land must be purcliased. " over or through which the 
sewage after it had lefl the bacteria beds should pass," also (Oct, 
4th, 1899} " that not less than i)2 acres of filter beds shall be 
provided for the treatment of sewage by double contact; and 
that the filter beds be worked in cycles with the usual provisions 
as to stonn-water" (Chapter VI. p. 128). I hold, however, with 
the general opinion that these requirements are unnecessarily 
onerous. In a further report of 22nd December. 1899, the experts 
support their previous estimate of 60 acres, stating that by 
" preliminary septic sedimentation " they have obtained an 
improved effluent, also that they work most successfully with 6 
hour cycles 6 days per week, but that the exact length of the 
cycle must vary according to the nature of the sewage. Con- 
tinuous incubation experiments showed that the effluent 
improved the water of the Ship Canal, that by subsequent land 
filtration the effluent was actually deteriorated, and that therefore 
the land clauses were superfluous. 

In September, 1900, Mr. Wilkinson reported to the Manchester 
Corporation that the cost of the culvert scheme would be 
;£258.ooo, or, owing to increased cost of material, ;f 350,000, The 
experts' scheme which consisted of 60 acres of bacterial contact 
beds, 25 acres of storm beds and additional tanks (for which 
three acres of land would be required), all situated at Davy- 
hulme, he estimated would cost £7,-i^.oco. The Local 
Government Board, after their inquiry, subsequently agreed 
to modifications of the scheme as follows : (a) That rhe 
■primary bacterial filters or contact beds, 46 acres in extent, 
should be provided at Davyhulme ; (i) that the secondary 
beds, 46 acres in extent, should be provided at Carrington. the 
effluent from the primary beds being conveyed to the secondary 
beds by means of a ruh ert : and (c) that the special storm filters il 
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for the treatment of the excess storm water (say 63.000,000 
gallons per diem) at a rate of filtration not exceeding 500 gallons 
per square yard per diem, should be provided at Davyhulme 
The cliief differences between the two schemes are contained in 
the extent of area required for contact beds and in the require- 
ment of the Local Government Board that works should be 
provided on the 213 acres of land at Carrington and Flixton, 
and that a conduit should be constructed thereto. 

Mr. Wilkinson's estimate for this scheme was ;f487,ooo, and 
it has now been finally approved by the Council. 

The Manchester Corporation reiwrted in August, 1900, that 
of 31 principal towns in England answering Uieir inquiries, 22 
had adopted or were contemplating the adoption of bacterial 
methods. Five made use of land treatment ; in the case of 
Burton, Cambridge, and Stafford, bacterial processes are also 
being considered. At Hudders&eld, Keighley, Liverpool, and 
Nelson the reports are unfavorable, which is attributed to the 
special character of their trade refuse. 

Sheffield had a population 01 3(15,000 at the last census, but the 
new borough is estimated to have 398.000 inhabitants. Tlie 
average flow of sewage is i^-j million, with a minimum of 12 
million, gallons [>er day. As the water supply per head per day 
is only 2: '89 gallons it follows that the present flow to the works 
is diluted with a good deal of surface water. In their Act of last 
session Parliament allowed land to be purchased for sewage 
disposal purposes which is only sufficient for the erection of 
double contact beds, it being proposed to utilise the existing site 
for septic tanks. When completed the new works will consist as 
follows: 

Open septic tanks, 11 million gallons capacity on the existing 
site ; 32 acres of coarse bed filters ; 33 acres of fine bed filters. A 
smalt area of land beyond the river was also included in the Bill, 
which will be used if necessary for storm water filters. 

There will be no land treatment at all. and the scheme has not 
only been approved by Parliament, but Dr. Wilson, the chief In- 
spector of the West Riding Rivers Board, had informed ihera 
that he does not object to the biological eflluenl going direct into 
the River Don without any such treatment. 

As Leeds is in the West Riding, and subject to Dr. Wilson's 
inspection, it would follow IJiat a similar scheme for Leeds would 
be acceptable lo the ronlrolling authority, J 

Although the above is tJje scheme which has been approved inl 
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the Act of last session, the satisfactory results obtained by con- 
tinuous filters at Leeds have induced the Sheffield Council to 
begin experiments on the use of continuous fillers instead of 
double contact, as they hope thereby to save the cost of laying out 
the 65 acres of filter beds and to work continuous filters 
much smaller area, the Leeds experiments shewing that it would 
be possible to replace the 65 acres of double contact beds by about 
17 acres for continuous fillers, so leaving 48 acres of the new 
land available for any other purposes. 

Al Leeds (City Report, July, xgcx)) the first open septic tank 
had an area of 6,000 sq. ft. and a capacity of 250,000 gallons, or 
34 hours flow, which the experiment showed was the best rate of 
transit through the tanks. The advantages found in the use of 
septic tanks were ; — 

"(i) The production of a practically uniform effluent front, 
sewage of such varying composition as that of Leeds. 

(2) The digestion of part of the solids in suspension, amount- 
ing at Leeds to 40 per cent. 

(3) The anaerobic putrefaction which takes place facilitates 
subsequent filtration, rendering the filtrate less liable to secondary 
putrefaction." 

As at Manchester, the results with open and closed tanks were 
practically identical, the scum itself soon giving a cheap roof 
and preserving the heat, which averaged only 0-8" F. less in the 
open than in the closed. It was recommended that the tanks 
should be in series, the first being in duplicate so as to be emptied 
from time to time. The gas produced did not occasion nuisance. 

Experiments with the Whittaker process (p. 218) showed that 
continuous filtration of septic cRIuenI over very conrsf material, 
spreading the liquid like rain over coke of not less than i^ inch 
diameter, well aerated at the bottom and sides, gave, in so short 
a time as the 15 minutes required to pass through the bed, better 
results than double contact, if the solids in suspension which pass 
through are afterwards settled. These solids are largely mineral. 
non-putrescible, subside easily, and the drying does not give rise 
to evil odours, while it would seem that their coming through 
ensures the permanence of the beds It was found practicable, 
for long periods, to work continuous beds roft, deep at the rate 
of 200 gallons per square yard, or I million gallons (ler acre pet 
day for septic effluent, with over go% purification after settle- 
ment, the beds being occasionally washed out by storm water. 
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Constituents of Sewage— Rainfall and Storm Waler 
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Cameron's Alternating Gear— St oddarfs— Candy- Cain k—Monerieff 
Trade EFFLnENTs— Classification — Chemical and Mechanical Trealment— 

Recovery of Products — Wool Grease— Local R eg nl aliens— Relaiio 

Bacterial Process 

Strongly nitrified bacterial effluents have proved of high agricul- 
tural value, suggesting that in this way the nitrogen of sewage 
would be prevented from being lost to the community. At 
Sutton about four and a half acres of peppermint are at present 
cultivated by irrigation with a bacterial effluent. At the lime 
of my visit on the Newmarket enquiry. I noticed that the plants 
were vigorous and the ground looked healthy. From the report 
of the surveyor, it appears that the yield of peppermint oil from 
the 23 acres cultivated in 1898 was 61J lbs,, sold as first-class 
oil at 24s.3d. per lb. 

Prof, Maerker of Halle,' assigns the following relative values 
to different nitrogen compounds for plant food, as derived from 
cultivation methods : — 

Nitrogen as nitrate . . , 100 
Nitrogen as ammonia .,. 85 to go 
Nitrogen as albumen ... 60 
and remarks that " the nitrate destroyers are usually present in 
stable manure, and cause a deplorable loss to agriculture, 
amounting in Germany to a sum of several million |>ounds 
annually," 

Consequently the highest natural nitrification of sewage in 
the third stage is necessary both for healthy disposal and to pre- 
vent a continual waste of valuable nttrof;en (p. T08), This leads 
to a consideration of ihe attempts that have been made for the 

Conservation ok the valuabtj: constiti'ents 
OK Sewage, 

It has long been recognised thai since the fertility of the soil 
I is reduced by cnntlnual cropping, it must be renewed in the 

* Kiw HnlUni, iSgg, No 1 , 1 
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land by manure if the cycle of existence is to be maintained — the 
excreted matters being again worked up by plants into human 
and animal food. But the dismissal of a portion to the sea as 
sewage disturbs the rotation, and, by impoverishing the land, 
will eventually starve both the plant and the animal. An aspect ^ 
of this fact aroused wide allention from the address of Sir ^ 
William Crookes at the British Association at Bristol in i 
which the danger of exhauslion of the nitrogenous food supplies I 
of the world was emphasized. 

in his book on the "Wheat Problem," p. 38." he estimates -| 
that in the sewage and drainage of towns we " hurry down b. 1 
the sea fixed nitrogen to the value of £16,000,000 per annum." 

The problem liad, ]iowe\er, been clearly seen by Liebig and 1 
others years before. When chemical precipitation was in vogue. 
it was hoped that the sludge would be useful as manure, and 
thus restore the maleiial lo the land ; but the product so obtained 
was not of sufficient agricultural value. 

Sir Edwin Chadwick and his school strongly advocated the I 
principle of sewage farms, with direct application to the land, I 
but for reasons that I have described in Chapter VI., the system I 
was not satisfactory. 

The chief causes of failure in the two cases were (1) the very ' 
large volume of sewage that had to be continuously dealt with, 
(2) its properly of fouling or clogging, (3) the relatively small 
amount of important manurial ingredients like phosphates, 
potash, and nitrogen it contained in proportion to the quantity of 
water, (4) the unsuitable form in which the organic matter existed, J 
rendering it almost poisonous to vegetation. Tiie last difficulty ' 
suggested that if the liquid was properly prepared or matured 
by a fermentation process analogous to that by which a farmer 
"ripens" manure, its nitrogen and other constituents might be 
more readily utilized by plants, Mr. Daviest held out great 
hopes in this direction, while Mr. Daniel Ptdgeon,t dealing with 
the bacterial purification of sewage, shows forcibly the practical 
value of highly nitrified effluents for all kinds of cultivation. 

Mr. Scott -Moncrieff^ has pointed out that by proper treatment 
a ip% nitrification of the total nitrogen in ordinary sewage could 

* John Murray, Ijindon. iKog 
1 J^-arn R Asiic. Sot.. Oct. i&rj. 
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Phosphoric Acid 7 

Chlorine 21 

Oxide of Iron... -5 
. 82 



easily be atlained, and that this, " bused on the cost of nitrate of 
soda, works out to about ;£l4,(X)0,ooo per annum on the whole 
sewage of the United Kingdom," a saving winch nearly recovers 
the waste mentioned by Sir W. Crookes, These highly-nitrated 
effluents also contain plant-food in nearly ideal proportions, 
according to the standard solution adopted by Nobbe, which 
contained in parts per ioo,o00: — 

Lime 16 

Magnesia ... 3 

Potash 31 

Nitrogen . 

Dr. Voelcker, in a letter to Mr. Pidgeon, speaks of this solution 
as " containing those constituents and the amounts of each which 
have been found to be requisite for plant growth, and the absence 
of any of which or the supply in markedly lesser quantity of 
which would produce deterioration while the larger supply of 
any of which would not be attended by increased benc&t," 

By experiments on plants 1 have found these effluents to give 
great fertility. 

As regards the mineral constituents of different sewage effluents 
not much information is recorded, I have lately examined in 
this sense an average sample prepared from a large number of 
specimens of the final flow from the Sutlon beds. The ordinary 
analysis gave in parts per 100,000; — Total solids 94-96; sus- 
pended matter, none; chlorine. g-S7 : nitrogen as nitrate, 3-18; 
as nitrite, 0-157 ; as ammonia, 0'33 ; organic nitrogen, 0-372 ; 
total nitrogen of all kinds, 4-039. 

Further examination of the total solids showed : — 

Fixed mineral mauer , 

Volatile aad urgEuiic mailer 

Actual sodium chloride 

Soda in other forms (sulphate, carlwnale, 

etc), calculated as NajO 

Total stxJa ai Na,0 

Total potash as K3O 

Phosphate as P,Oi 

That the nitrogen had been almost entirely " mineralized " was 
I shown by the low percentage. ! 77%, of organic nitrogen retained 
I in it, proving that the residues were mainly carbonaceous. 100 
■ parts of total solids would correspond lo^ 

Total N 425. K,0 348; Pj,0„ 0-33 
Mineral matters 77-93: Organic 22-07 
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Probably much phosphate has been retained in the filters^. 
The ferruginous matter in coke, derived from ihe pyrites of coa! 
is clearly seen as a red-brown ochry coating in parts when 
filter is dismantled : this would absorb much of the phosphon 
as phosphate of iron Polarite and other highly ferruginous 
mixtures would have a still greater effect. Disused filtering 
materials must consequently contain a large proportion of 
phosphate. 

The difficulty of utilizing any of the valuable conslituents of 
sewage resulting from their extreme dilution, prevents evapo- 
ration, distillation, or any of the ordinary chemical methods from 
being economical. The free ammonia present would be a 
marketable article if it could be cheaply extracted. In lS82 — 
1883, Dupre suggested its separation by blowing air through the 
liquid and absorbing the ammonia in acid, the aeralion at the 
same time improving the sewage and reducing the nuisance at 
discbarge. He states with reference to London, that the sewage 
contains 3 to 4 grains of ammonia per gallon, equal to 31 tons of 
ammonia in 140 million gallons — one day's discharge, giving 120 
tons of sulphate of ammonia, worth from £14 to ^20 per ton, or 
a total value per annum of about £40o,(_>oo. "By blowing air 
into the sewage much of the ammonia would be expelled, and if 
only a fraction of it were recovered, the expense of aeration 
would be covered." 

It does not seem that this idea has been attempted on a large 
scale. It would include, in common with other artificial methods 
that we have seen, a continuous mechanical expense, hence natural 
nitrification is more economical. Utilization of both the saline 
and organic nitrogen by means of sulphuric acid is one of the 
features of ihe Liernur process (p. 165). 

Rainfall and Storm-Water. 

In all systems of sewage disposal, provision for storm watei 
and rain must be provided. A rainfall of 01 to 02 inch in 
hour increases the outflow of a sewer to five or more times its 
volume, but there is no exact relation between the rainfall as 
ordinarily recorded and Ihe uicrement of flow at the outlet, the 
size, length, and inclination of the sewer greatly influencing the 
result. At Exeter five-eighths of Ihe ordinary rainfall 
estimated to find its way into the sewers. 

Mr, .Silcock.' from gaugings at King's Lynn, finds thai 
• L*od» Sanitary Congress. 1S97. 
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^the ordinary dry-weather flow of sewage per acre of a purely 
irban district, with an average population of seventy-five persons 
re, consuming 20 gallons of water per head per day, is 20 
Bcubic feet (125 gallons) per hour. A rainfall of J inch in 25 
[hours, or approximately ,1,7 inch per hour, will amount to the 
same discharge as the dry-weather flow per acre, assuming that 
the streets are paved, and that only 50 per cent, of the actual 
rainfall finds its way into the sewers. In other words, a rainfall 
Lof ,-j, inch i^er hour will double the ordinary dry-weather flow. 
■.Now a rainfall at the rate of J- inch per hour is a common occur- 
mce, which would mean multiplying the ordinary sewage flow 
■■by 25. and short storms at the rate of \ inch per hour are not 
■ ■infrequent when the ordinary sewage flow is augmented 50 times. 
For a town with a population of 100.000, if the whole of the 
Bsewage and rainfall had to be taken to the purification works, the 
■ordinary maximum sewage flow at 20 gallons per head would be 
Mat the rate of 4,000,000 gallons per 34 hours, and if the sewage 
fwere treated on bacterial intermittent filters. 4 acres of filters 
luld be required, but to deal with a rainfall of J inch per hour 
^ would require 100 acres of filters, and if the sewage had to be 
pumped it would require 25 engines and pumps each capable of 
dealing with a dry-weather flow to cope with the combined 
rainfall and sewage. 

It is therefore evident that the whole of the rainfall cannot be 
taken to the purification works and that after a certain degree of 
dilution has been reached, the storm-water must be discharged 
j into the streams." 

Both the quality of sewage and its quantity as affected by 
local circumstances therefore determine the choice of a system of 
sewerage. Under the " combined system " the effect of rain 
must not be considered as simple dilution, since the rain-water 
^^^ carries the washings of tiie surfaces over which it has travelled. 
^^^L Where the rock, or a clay bed, is near the surface, the showers 
^^^Bwitl run off almost unchanged. From manured or peaty land 
^^^Hthere will be an addition of brown humous liquids which are 
^^^^H)ariicularly difficult to decolorize. We have already described 
^^^K). 7) the polluted character of wa.'ihings from .streets." 
^^^^ For the safety of the sewers and the avoidance of flooding of 
' basements, it is necessary under the combined system to construct 

special arrangements for slornt overflow. Without storm over- 
flows in a sewage farm scheme the ground is liable to become 
waterlogged, and in a filtration process the excess of water by 
' Sm ftlso tlie Maocbetler iibiervaHons on stann-wuier, p, zj 
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its volume and velocity tends to derange the purification plant, 
hence it is usually allowed to escape from tlie sewers by special 
outlets when above a. certain amount, carrying with it a mixture 
of the uiipurified sewage. 

The combined system also involves the construction and niain- 
tenaj]ce of sewers very much larger than the volume of the 
regular flow, in order to provide for occasional contingencies. 
This greater capacity presents inducements to the disposal of 
grosser refuse which would not be tolerated in a smaller sewer, 
and often it is impossible — except at rare Jntervals^to properly 
flush the entire surface of these large channels. 

The " separate system." in which the sewage proper is kept 
apart from rainfall and storm-water, has conduits of such size 
only as to preclude the possibility of the sewage becoming stag- 
nant therein, the size being governed by the bore of the water 
main, since if .n given diameter of pipe supplies all the water 
needed, a little above the same diameter should be sufficient for 
an exit. 

Mr. Silcock proposes that the rainfall sewers of a separate 
system should be provided with leaping weirs discharging into 
the sewage sewers to separate the foul street washings from the 
later discharges of heavy rainfalls. 

Storm-water passing rapidly off the land carries with it 
disease germs, as is shown by the repeated occurrence of epi- 
demics when a sudden storm succeeds a period of drought. 
But the liquid is ordinarily supplied with abundance of the 
liquefying and oxidising bacteria, which if it be allowed to 
subside in auxiliary reservoirs will effect its purification rapidly, 
aided by the oxygen derived from the air, and by the nitrites 
and nitrates that rain-water always contains. The sand, chalk. 
or especially the clay, may be a long time in subsiding, but 
when deposited will leave the water comparatively pure, and 
fit for flushing sewers, watering roads, or for supplying the 
deficiency in rivers during dry seasons. 

Whatever system be adopted the raw storm-water of populous 
districts should never be allowed to pass in large volumes at the 
beginning of a storm directly into a stream. The general con- 
sensus of opinion is that if the first foul storm-water be treated as 
ordinary sewage, the subsequent rain-flow becomes so dilute 
that it can be discharged, with only a slight treatment, into a 
river The Manchester experts placed a limit of time of two 
hours after the commencement of the storm. Many towns adopt 



1 

alV 
re I 



i 

4 



SEWAGE AND ITS PUHIUCATION. 



tne rai 

2. 

1^^ tion is 

^ft ■^- 
^^■withir 

^H Wil 

^^H^it was 



volume limit Thus, Mr. A. M. Fowler, at Stockport, made 
revision for an escape after eight times the diy-weather flow ; 
ither places in Lancashire and Yorkshire allow 6 or even 5 to I. 
\y the Leicester Extension Act, iSgi, the overflow culvert came 
into action when the rainfall increased the dry-weather flow of 
35 gallons per head to 60 gallons, but in this case the overflow 
passes into the river Soar, which has a flow during dry weather 
of only about or 7 million gallons per day, so that the storm- 
jWater is actually useful for flushing the river bed. 
L I have found from analyses — 

1. That, after the fi.rst flush, the chlorine content varies with 
fait. 
That with low chlorine and high rainfall, higher nitrifica- 
. obtained. 

That, as uiiglil \ie expected, the later diluted sewage comes 
1 the usual standards of permissible impurity, tlierefore 
icould not, under them, be excluded from streams. 

With reference to bacteria beds, m the words of Mr. Dibdin 
it was not a question of whether they had more or less water, 
it was the amount of the organic matter that was put on the bed, 
and if that was not materially increased it mattered not how 
much storm-water was put upon it. They had been able (at 
Sutton) to put three or four times the quantity of storm-water 
on to a bed than the volume of sewage they had put previously." 
As a matter of fact, an occasional flush of storm-water through a 
bacterial system is advantageous, as it removes some of the pro- 
ducts, and so stimulates the bacteria to fresh activity. 

The regulations of the Local Government Board have been 
briefly alluded to. Their observations on storm-water are: — ■ 

" As at present advised, the Board ronsider that whatever system 
ill adopted as a means for dealing with the sewage, it is necessary 
that provision should be made in the scheme for (1) Treating fully 
as ordinary sewage a volume of mixed sewage and storm-water 
equal to three times the daily dry-weather flow of sewage, and (z) 
Dealing with the excess of storm-water up to six times the dry- 
weather flow, or a balance of three limes the dry-weather flow, 
either by passing it through a special and separ?te storm-filter of 
sufficiait extent, or by delivering it on a special area of prepared 
land other than that in use for the treatment of the effluent from 
the ordinary tanks and filters." . ..." If a special storm-filtei is 
provided for this putpo.ie, it should be of sufficient extent to allow 
ft rate of filtration of 500 gallons per square yard per diem.'" 

Mr. A. J. Martin,* remarks on the wide difference between (he 
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dry-weather sewages of different towns, so that if a hard and fast 
relation of volumes be prescribed as above, "the diluted sewage 
which one public body may discharge without treatment will be 
considerably stronger than that which another authority will be 
called upon to purify." 

The Local Government Board insists that fixed weirs shall be 
used, which will only come into operation when the sewage has 
been diluted with five times its volume of storm-water, that is, 
when a certain rate of flow in the sewer is reached. But Martin 
proves that the amount of dilution secured by a fixed weir is 
variable, and will at times be considerably less than the works 
are intended to secure. 

Among the advantages of the bacterial processes involving a. 
large anaerobic preliminary chamber, is the ease with which the 
works can be adapted for dealing with storm-water. In such 
systems provision is made for the subsidence of solids, as well as 
for their liquefaction, as a tank constructed to hold the dry- 
weather flow of a sewage for 24 hours would admit of six 
the dry-weather Sow passing through such tank by reducing the 
time of stay from 24 hours to 4 hours. The rate of flow under 
such conditions would still be so slow as to ensure the retention 
in the tank of nearly all the suspended solids, and these would 
therefore accumulate during stormy weather to be digested by 
the tank at leisure during the dry-weatiier periods. A curious 
anomaly arises out of these considerations. If the time of so- 
journ in the tank is reduced owing to the rate of flow through the 
tank being increased, the liquid products of hydrolysis usually 
contributed to the elfluent from the stay in the tank will not exist 
in the effluent water to the same extent. In other words, the 
effluent from such a tank during a storm will be purer than from 
the lank in dry weather proportionately to the rate of flow, even 
after due allowance has been made for dilution, provided only the 
rate be not so high as to bring untreated suspended matter to the 
outlet. Mr, Martin has well illustrated this point in the above 
paper, in which he has shown that the Barrliead Works, already 
described, will fulfil these conditions. As a matter of fact, the 
velocity of flow in the tanks at Barrhead with three times the 
volume of the dry-weather flow passing through them, would 
only amount to i|in. per minute. With six times the dry weather 
flow, therefore, the velocity would not exceed 3jin per minute, 
which is obviously so slow a rate as to be powerless to disturb 
solid matter in the tank. 
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In Fig, 40 Mr Marlm's ai rangenienl of weir and regulated 
flow by means of modules, lo provide for the variation of flow 
' during periods of storm, is shown. 



The methods of distribution obviously depend on the character 
I of the site for the disposal works. In many places the low-level 

sewage has to be raised to the works by pumps. lifts, or ejectors, 

and the problem becomes an engineering one. 

It has been remarked that a really anaerobic treatment in the 
1 first stage, like Cameron's or Moncrieffs, requires no fall, the 
I sewage simply flowing m below and flowing out above. In 
1 terraced beds fed from the top, like those at Sutton, Hampton, 
I and elsewhere, the fall to be provided includes the sum of the ' 
I depths of the beds and of the distributing apparatus. Therefore, 
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increasing the depth of material, atthougli it may economize I 
surface area, will generally add the expense of raising. 

Ordinarily, the sewage, owing to its fluctuations, has to be con- 
trolled by penstocks and valves at the entrance and exit. A 
restraint at the entrance involves storage. "Holding up" is 
temporarily closing the outlet valve 50 that the filter fills with 
fluid. In the Lowcock filter and others, the entrance is con- ' 
trolled and the outlet always open. 

The variation in the flow of sewage occasions great difficulty 
where the admission is direct to bacteria beds, but in septic tanks 
of sufficient capacity, the irregularity is not felt. In any case, 
the flow of sewage can be regulated by means of " modules." 

The first module, according to Jackson, was introduced in | 
Piedmont, for the purpose of giving a uniform discharge of water 
out of a main channel or canal. The height of water in the 
canal or river might vary, but the flow from the module remained 
nearly constant. It was a chamber commanded by a sluice; 
in the bottom of the chamber was a square orifice, in size ■ 
according to the delivery required. The sluice was opened till 1 
the flowing water remained at a fixed level in the chamber. 
The area of sluice opening would bear a certain relation to the ■ 
orifice area. Such a module, though giving for the purpose a 
sufficiently uniform flow, would not adjust itself except within 
narrow limits. A great number of self-acting modules were used , 
on the Indian canals, especially one devised by Lunt Jarrols. In 1 
the Piedmont form a free fall is a necessity, but with self-adjust- ' 
ing modules this is not required, those at Barrhead (fig. 40), work- 
ing with a difference of level of about an inch. The arrangement 
consists of a module chamber having a circular opening in the 
bottom ; through this opening is a body, conoidal in shape, 
attached to a float As the head of liquid falls, so do the float 
and cone, making the opening larger, and 7'icr vend. 

Distributors. 

A. In the mlermittenl or " folding up " system the sewage has 
10 be applied at intervals to a number of beds. The chief auto- 
matic apparatus for this purpose are the following : — 

I. The Adams Syphnn (Adams' Patent Sewage Lift Co- 
York), is in operation at Sutton and other places, to control the \ 
supply of liquid I0 bacteria beds of the intermittent type, but i 
also adapted to the continuous systems. In the former (Figs. 4I, 
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42) A is the inlet, B a scum or resolving tank, C a syphon feeding 
the first bed, coupled by air pipes wdth the domes E and F. 
The sluice supplying the second bed is closed while the first is 
filling from the feed C through the distributor G. 
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Fig. 41. Section of Intermittent Supply (Adams' Syphon) 
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Fig. 42. Plan op Intermittent Supply (Adams' Syphon). 



" The feed apparatus is a plain trap-like casting through which 
liquid passes freely from the source of supply to the bed to be 
filled, until the air contained in its attached dome E is transferred 
by the pressure of liquid around it, as the bed fills, through a 
trapped air-pip)e to the interior of the feed, creating an air- 
lock, and blocking the further passage of liquid so that the 
liquid rises to a higher level in the source of supply until the 
inlet sluice to the next bed is reached. Where an automatic 
discharge is also used (Figs. 43, 44), the liquid contents of the 
first bed will in the meantime have been discharged through 
syphon M, and the overdraw pipe K attached. A tap L delivers 
liquid to the syphon chamber, and the time occupied in the 
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filling of this chamber will be that for which the sewage is held 
up on the bed in contact with the filtering material. The feed 
and discharge appara,tus being quite distinct the one from the 
other, enable users to fix any desired lime of contact— accor- 
ding to the requirements of the sewage — the balance going to 
aeration, a very important point which is unattainable where the 
supply and discharge are brought about by one operalion. The 
second filter bed thus fills and its liquid in turn displaces air from 
dome R (Fig. 44}. thus air is transferred to the feed C, its added 
bulk forcing the waler seal, freeing the confined air. and again 
bringing on the supply to tlie first bed. At N is a pipe dotted, 
through which any accumulation in lank B may be drawn off by 
valve O. 
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Fig. 43. Section of Adtomatic Dischahgk bv Adams* Svi 
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In applying the apparatus shown in Fig. 41 to contir 
filters, the feed C discharging to filter No. 1 gradually fills 
a receptacle into which dome E dips. Thi.s receptacle has an 
outlet. The taps supplying the inlet and outlet may be set 
so that the receptacle fills in any given time, when as in Fig. 
41, the air will be transferred to the feed C, causing an 
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lock which will divert the sewage to the next feed or bed. With 
this apparatus any desired area may be flooded for a given time; 
sewage being sent to one area or bed after the other, regardless 
of the numbers used or volumes dealt with, automatically and 
without movement." 

II. The Ridgway Automatic Distributor, made by Mather 
and Piatt, of Manchester, is described as follows : — 

The crude sewage, having been roughly screened, is received 
at A (Fig. 45) into a " syphon chamber," which is built to hold a 
given number of gallons according to the volume of sewage to be 
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dealt with. When full, which occurs in a calculated fixed length 
of time, the syphon B discharges this amount, in a much shorter 
period (also carefully calculated and allowed for in designing the 
syphon), into the "Distributing Chamber" at D. In so doing, 
the hollow c\-lindncat float, C (which has been previously raised 
by the filling of the syphon chamber) descends to the bottom, 
and by a pawl and ratchet wheel causes the shaft E to revolve 
exactly a given fraction (according to the number of separate 
places to be " fed ") of a complete re^'olution By an arrangement 
of cams on this shaft, and levers on the " valves " F, one of these 
valves, which had been held open since the last dischai^, is 
released, and falls by its own weight, thus closing that particular 
aperture to the sewaye in the distributing chamber; whilst 
simultaneously the next valve in sequence is raised, so that the 
sewage flows through a fresh outlet. The aclion continues auto* 
Lpatically night and day without cessation. 
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^^^^^Tto sewage from ilie main outfall is thus broken up into ^^m 
^^^V measured quantities, and delivered at di^erent outlets. ^^| 
^^H A report from Dr. Garslang in October, 1890. on the working ^H 
^^H of this distributor in connection with single " contact beds " with ^H 
^^H subsequent land Bltration. at the Bank Hall Lane Works, Hale, ^H 
^^H near Manchester, states that the machine has passed 72.000 ^H 
^^H gallons per day on to 1 80 square yards of l>ed^, or at the rate of 2 ^H 
^^H million gallons per acre per diem, during a period of 10 months. ^H 
^^H He gives the following average analyses t~ ^H 




Parts per 100,000. 


pQrifical'Ti by ^^H 
conauraed ^^B 


^^H Crude sewage (screened) 
^^^B Effluent from bed 
^^K Final land diluent .. 


cotnumed 


FreeNH. 


Albd NH, 


1 


30 

0-43 


3-184 

0-841 
o«« 


0-668 


^^^1 It would also appear from Dr. Garstang's report that the ^^| 
^^H effluent remains at the bottom of the bed for two hours before ^^| 
^^H being expelled by the next succeeding charge. This involves ^^| 
^^^1 an increase in the capacity of the bed, and renders denitrification ^^H 
^^H changes possible. ^H 
^^^ 111. Cameron's Automatic Alternating Gear has been already ^H 
mentioned in connection with Exeter, As used at the larger ^^| 
Barrhead installation, it is officially described as follows i^ — ^^| 

^^^H " Six of the eight filters will nrdinarilv be in use at once ; nf those ^^H 
^^H in use, one will be filled at a time. As .soon as :i filter is full, the ^^| 
^^H flow of tank effluent will be auicanaiically riiverteil lo the next filter. ^^| 
^^H and after a cenain lime, the contents of the full filter will be (lis- ^^H 
^^^H charged. ^^H 
^^^H Each filter will receive its supply ol tank effluent through ilf ^^H 
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admission valve, from whii:h ihe effluent will pais into rfie stone- 
ware main distributor, feeiliiig six branch distributors. 

The filtered effluent will be collected by lines of agriciiliural drain 
pipe, connected with a stoneware main c-ollector, the latter running 
into the discharge valve box. Upon this box is built a discharge 
well of gin. stoneware pipes. 

Both the admission and disdiarge valves are suspended by valve 
rods from a lever, which is pivoted on a bearing between the ad- 
mission valve chamber and the discharge well. At one end of ihis 
lever is a counterweight, so adjusted as to hold the admission vali'c 
open and the discharge valve down on its seat. 

The admission valve is closed, and the di.'icharge valve openetl, 
by means of an actuating bucket, suspender! from the end of the 
lever in the actuating bucket chamber. In order that both \alves 
may not open at the same time, the tipper ends nf the valve roik 
are looped, and the lengths so adjusted that the admission valve 
shall come on to its seat before the disi-harge vah'u begins to open, 
and vice versa. 

The opening and closing of the valves are effocle-l by means of 
an overflow from a filter which has been filled. Wher'i a filler Is 
full, a portion of ihe filtered effluent passes by the main collcrtor 
into thL- di.scharge well. When the water in the discharge well has 
risen to near the level of the surface of the filter, a small quantity of 
filtered effluent will overflow from the well into an overflow box, 
anil thence through a ijin. overflow pipe into the actuating 
bucket chamber of the next filter, in which the actuating bucket 
will then be in its lower position and full of filtered effluent. The 
water rising in the chamber aroimd the bucket will neutralize ihe 
weight of the water in the bucket, allowing the counterwrighl lo 
draw down the far end of the lever, closing the discharge valve anit 
opening the admi,ssion valve. When the bucket Ijegins "to rise, a 
tooth on the end of the le\er will bear against a cam, pivoted a! the 
top of the rod, which lifts the valve in the bottom of the bucket, . 
permitting its contents to escape. As the bucket nears its higher 
position, the tooth will slide past ihe cam, and the vnK-e will fall 
again on to its seat. 

Meantime another portion of the filtered effluent will be over- 
flowing from the full filter into its own actuating bni'ket, the rate of 
flow being regulated by an orifice, so that the filling of the bucket 
shall occupy a certain desired time. The first two indies of water 
entering the bucket will overcome the counterweight, and rock the 
lever into a hori/.onial posiiion closing the distributing valve. The 
lever will then r()me into a bearing on the roiJ of the discharge 
valve, the weight of which, and of the column of water (hereon. 
will arrest its motion until the bucket is nearly full, when the 
movement will be compleleil, and the discharge valve opened, 
releasing the cimtenls of the filler. 

The discharge valve does not open lo the full extent al oncei but, 
when it li^'ns to qien. the Ijottoni of the actuating bucket Htrikes 
the surface of the water lying in the actuating bucket chamber, 
which rises round the bucket and r«ardi its downward pmgnw 
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The water so laised in the actuating bucket chamber escapes 
gradually through a small oritice in the side of the latter, the escape 
of the water, and hence the rate of opening the valve, being 
governed by the size of the orifice. 

The delivery of fihered effluent to the actuating bucket rfiamber 
for the purpose of raising the bucket is stopped by means o'~ 
valve as soon as sufficient water has passed; and when the bucket 
has come near its higher position, the surplus contents of the 
charnber (above ihe level of the orifice in its side) are discharged 
through another valve. Both these valves are suspended fror 
small lever, which is operated by the main lever through a connect- 
ing rod. The small lever will be moving only while the main lei'er 
makes the upper half of its stroke. 

The ijin. ox'erflow pipes to the actuating bucket chambers are 
connected into a continuous ring, having branches from the over- 
Row boxes and to the actuating bucket chambers. These branches 
join the main ring at a five-way cock, by Cuming which the filter to 
which they belong may be thrown out oi in. When a filter is cut 
out, the overflow from the previous filter, which should otherwise 
pass into its actuating bucket chamber, is slopped by the (ive-way 
cock and diverted further along the ring 10 the actuating bucket 
chamber of the next filter. 

That portion of the overflow from a filler which flows into its own 
actuating bucket is drawn oH from the five-way cock through a 
tjisc perforated with small holes, in order that nothing may pass 
through which would choke the regulating orifice. 

The gearing used in later installations, while in many respects 
similar to that at Barrhead, embodies several important improve- 
ments thereon, the chief of these being as follows : — 

1. The discharge well and admission valve chamber are made in 
cast iron and mounted on a bed plate of the same material so as 
to be entirely independent of the walls. 

2. The mechanical details of the gear have been greatly simplified. 

3. Before each filter is filled, the tank effluent is held back for a 
period of from one to two hours, the quantity so accumulated 
filling the filters in a much shorter time than if it had been 
allowed to flow continuously. 

This obviates Mr, Mansergh's criticism of the automatic gear, 
that the decreased flow in the night fills one filter so slowly that 
the corresponding one in the resling-full stage remains charged 
so long as to seriously interfere with its aerobic action. 

The effluent from a septic tank, as we have shown in Chapter 
XI,, is much more constant in volmne and character than a raw 
sewage. The shortening of the cycle, and consequent increase in 
the rate at which the filters work, is not due to the alternating 
gear, but to the \'ariation in the flow. Whether such gear is used 
or not, the filters will have to work faster when they have a large 
flow to deal with. The Exeter system has a marked advantage 
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^^Ha the tank affording a means of storing the excess at the time 
^^Bof maximum flow, so as to discharge uniformly through the 
filters during the whole 24 hours. In the new works at Exeter 
this is specially provided for. 

The objection " that the discharge valve when opened to its full 
diameter at the commencement causes the filtrate to be liberated 
with a rush, carrying with it the fine matter and fouling the 
filtrate," is obviated by modifying the gear so as to open the 
valve slightly at the commencement, gradually increasing the 
opening as the discharge goes on. 

Mr. Graham, of Newcastle, has invented an apparatus similar to 
hMr Cameron's, but claiming to be cheaper. It is described as : 

" A swinging or oscillating hopper suspended or supported on a 
shaft or pivots immediately above ihe wall dividing the fillers; a 
Boat is suspended at each side of the hopper and cased in by 
concrete walls formed in the fillers, in which the float rises and falls. 
There is an opening between these chambers and the filters. The 
action of the apparatus is as follows; The sewage is discharged 
into the hopper, which conveys it into one of the filters. As the 
filter fills, the float gradually rises until the filter is full, when the 
hopper is tipped over and the flow of the sewage is diverted into 
the other filter. Each filter is allowed to remain full for a certain 
lime, and emptied by a syphon, the filter then receiving a rest for 
aeration. The apparatus is of the simplest description, and it is 
impossible for it to get out of order. Only one hopper is required 
for each pair of filters." 

Killon's Automatic Regulator (Bailey & Co., Salford). Patent 

I 2647, 1900. In fig. 47. a.s soon as the chamber C is full, its con- 

1 tents are distributed over the bed B2 by the syphon, which is 

released by the float-valves D and H When B2 is full, the 

float F opens the valve V and empties the bed B 1 , H then closes 

and stops any further inflow to B2. which being full opens 

another valve and brings the next syphon in order for action. 

It is recommended to arrange five beds or more in series to 

provide for resting empty. The regulator is not affected by the 

backing up of the effluent at the outfall. 

I Stone's Automatic Apparatus (T Stone & Co, Deptford. 

I London) consists of two delivery valves and one discharge 

attached to one end of a lever, and a similar set connected to the 

other end. the one set being open while Ihe others are closed. 

They are moved by floats worked by the incoming liquid. 

B. In the Continuous System, it is of extreme importance that 
liquids should tie distributed uniformly over the malerial. 
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12^8 SEWAGE AND ITS PURIFICATION. ^^^^^H 

I The problem of spreading a liquid issuing from a narrow ^^H 
dhanne) evenly over a broad area is not a simple one: In ^^H 
upward filtration it is easy, the liquid rising from the bottom 
naturally distributes itself throughout the filter. But when 
the introduction occurs from the lop, there are considerable 
mechanical difficulties. Where sand filtration is used, as in the 
States, in Lowcock's and some other filters for sewage, and in the 

I ordinary plants of the water companies, it is only necessary to 
protect the sand from disturbance by a coarser heavy layer of 
flints or stones, to run the liquid on the top. and trust to the 
evenness of the fine layer for equal distribution. The defidcnq* 
of aeration, and blocking of the beds, are faults of this method 
when applied lo sewage. 
With aerating filters of open material, flushing the liquids, 
however rapidly, from penstocks at the sides, or in the middle, 
^leads lo the formation of channels, and only a local use of the 
mass of material, therefore many arrangements for spreading the 
fluid more equally have been devised. Networks of split pipes 
or iron or wooden troughs are not satisfactory. Perforated pipes 
occasion trouble, through blocking by solid matters, therefore the 
ends have to be made with openings, so that the tubes can 
be brushed through at intervals ; the corrosion of the iron by the 
chlorides and nitrates in the liquid also blocks up the holes. In 
some cases the tubes have been made of gun-metal, but tins also 
is liable to corrosion, particularly along the lines where it may 

khave been joined or soldered. 
Mr. Stoddart. of Bristol, has introduced a distributor depend- 
ing on the dropping of the sewage from vertical points and not 
from holes : " the supply channel is a gutter in direct connection 
■with the tank outlet, and the patent distributor consists of a 
number of narrow gutters arranged at right angles to the supply 
channel. Each section of the distributor abuts against a casting 
embedded in the margin of the supply channel so arranged that 
the tank effluent on flowing over the margins of the channels 

■passes into the gutters of the distributor. Along the lowest part 
pf the under surface of each gutter is placed a series of vertical 
points. The sewage or tank effluent entering the gutters by way 
of the supply channels, flows over their margins, and on reaching 
the under surface falls from each of the vertical points in a series 
of fine drops. There are no fine perforations to become clogged 
ind the action of the distributor does not in the least depend 
)on the sub-division of the sewage by fine apertures or tubes, 
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but there is a perfectly free passage." It works with only three 
' inches of Iiead, and is unaffected by accidents sucl] as a discharge 
of sludge or continued frost. At the same lime, any suspended 
matter present in the effluent settles in the troughs of the distribu- 
tor, and must be removed by a brush from time to time. The 
small amount of suspended matter present in a good chemically 
treated effluent, or that from a septic tank of small capacity in 
relation lo the flow, may give an appreciable amounl of deposit 
in these trouj^hs (see p. 235J. 

Another of the devices for even distribution is the Candy-Caink 
"self-propelled rev^olving sprinkler and aerator" (Fig. 49) of 
the Inleniational Purification Syndicate. This Company have 
installations at Reigate, Southampton, and Southwold, where the 
sewage after passing a catch-pit or after a firsl anaerobic treat- 
ment, is distributed by the sprinkler over aerobic beds. I have 
not yet had an opportunity of examining the process in any 
detail. An " anaerobic sludge-digesting Ijed " of large stones or 
clinkers, or the crude sewage after the catch-pit, discharges con- 
tinuously by means of the sprinklers on aerating beds. The 
f contin uous action is on the right principle, as 1 hii\e olten em- 
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phasized the disadvantage of intermittent working in alternating 1 
and confusing the bacteria! actions. I-arge pieces of paper, fat, I 
faeces, and such large matters are retained in the catch-pit, and I 
after they have been broken down therein, gel carried on to and j 
are finally dealt with in the beds. 

Arnold's sprayer. In use at Salford, works with a head of 3 or 
4 feet of effluent. It is a simple casting in gun metal and con- 
sists of an inverted cone round which is a collar that is interrupted 
opposite the two holes through which the effluent is projected in 
the form of a fan-shaped spray. The cost is said to be small. 



Continuous and intermittent filtration, apart from the ' 
differences between the results obtained, present a contrast both 
in the mechanical arrangements and in the bacterial process itself. 

In the case of conl.ncl beds, except when they are used in series, 
there rs no differentiation of the organisms in relation to the food 
supply, because, altliough the conditions are changed from being 
purely anaerobic to those more or less favourable to aerobic action, 
these are conducted in such a way as to provide neither condition 
continuously, and the results obtained have already been dealt j 
with and explained in previous chapters. 

When an apparatus is designed from the point of view of 
overcoming these objections, it is obvious that the methods of 
bringing about the contact between the sewage and the bacterial 
surfaces must be radically different. 

One of the most generally recognized facts in connection with 
the filtration of hydrolysed effluents is that whenever there is a 
continual dripping upon a particular spot, growth occurs of a 
filamentous character allied to Crenolhrix, rapidly disappearing 
on exposure to the air after the dripping has ceased. This points 
to the necessity of very highly aerated conditions upon the upper 
services of filters, to prevent their being clogged up, and rendered 
ineffective- It has been found that if a sufficient time is allowed 
to elapse between the discharges of liquid, on the upper surfaces. 
that this filamentous growth is practically got rid of altogether, 
and moreover the action of ihe fluid passing through the filtering 
material intermillenlly must have something in common with the 
action of the lungs, which are cleared out between each breath. 

In a Whittaker bed at Leeds in May. 1899, a falling off in the 
results was due to the surface being covered by an abundant 1 
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gelatinous growth of Pylobolui, which prevented aeration and 
appeared to be promoted by the heating of the hquid. As the 
growth did not penetrate more than a few inches, the surface was 
removed and replaced by a foot of very coarse coke, which proved 
effectual. 

In the Ashtead experiments (p. 24(1) it was found that the 
best results were obtained from a discharge occurring about 
every 7 minutes, and that this method of administering the food 
supply to the organisms avoided all those growths which are 
susceptible to rapid destruction by exposure lo the air. The 
best all-round results were obtained when the quantity of 
liquid per unit of Bltering area of the top surface was limited 
to one gallon per square foot per hour, which gives a total of a 
little over I.ooo.cxxj gallons per acre per 24 hours. These rates 
of flow and period between each discharge, when the filters were 
divided into trays each 7 inches deep, and nine in number, were 
those which gave the high nitrates in the effluent referred to in 
p. 247. when the ratio of oxidized to unoxidized nitrogen reached 
to as high as 967 per cent. As this quantity of nitrates had never 
been approached before, it becomes a matter of great importance 
to repeat the same conditions as regards accuracy of distribution, 
rate of discharge and periods of rest between each discharge on 
a large scale 

The Ashtead tippers (fig. 38) as used for country houses, 
public institutions, etc., are double V-shaped trays mounted on 
trunnions, and automatically discharging on alternate sides, 
when the liquid reaches a level which upsets their equilibrium 

If the above conclusions are justified, — and there is no reason 
to suppose that they are based upon any wrong data, — we have a 
standard with which to compare other distributing appliances 
constructed with the same end in view. 

A revolving sprinkler worked by the reaction of the escaping 

liquid is open to the objection that the periods between the dis- 

I charges, being measured by the revolutions of the double arms, 

are not only far too short, hut are also irregular, because although 

the angular velocity of the arms is the same at every unit of 

distance from the centre, the flow near the centre must be greatly 

in excess of that which takes place at the perimeter of the circle 

I described, per unit of surface covered- To a certain extent the 

I fault may be remedied by increasing the size of the holes towards 

I the exterior. At Caterham, even with this modification, re\-olv- 

I ing sprinklers are stated not to have fulfilled the required 
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conditions, with the additional difficulty of the choking of the 
holes already mentioned. At Leeds also {Report. July. 1900. p. 
96) " the Whittaker sprinkler was not found very efficient and 
required frequent attention and cleaning of the holes," while 
" t\ million gallons per acre, or 250 galton.s per sq, yd., was the 
slowest rale al which it could be kept rotating '" {iA/i/, p. 8g). 
Other automatic appliances have .sometimes been found frozen. 

Perforated plates with large tillers, throwing the liquid at 
proper internals, have proved to be less accurate than the tippers 
described. Automatic syphons attached to tanks, which fill lo 
a certain point before discharging, if the flow from these tanks 
is carried through pipes, also prove irregular in distributioiiiM 
from friction on their internal surfaces. | 

For large scale distribution Mr. Scott- M on crieff has recently 
designed a novel apparatus for carrying a supply pipe fixed 
upon small trucks or bogeys on each side of the filler beds, 
which are constructed with a length greatly in excess of theii; 
breadth. He suggests that a convenient unit of filtering area 
dealing with 1,000,000 gallons per 24 hours should have a length 
of 500 yards, with a breadth of 30 feet Along each side of 
these beds he constructs channels receiving the flow of the 
hydrolysed se^vage continuously, the liquid being delivered to the 
travelling distributing pipes either by means of syphons or by a 
small turbine or other suitable pump, worked by an electric 
motor upon one or both of the travelling bogeys which carry the 
pipe. This apparatus has the same advantages as the one 
already referred to, and regulates the ratio of air supply to 
volume of sewage on each unit of filtering surface. By means of 
a fan or exhaust at the bottom of the filter bed. a further control | 
on the volume of air can be obtained. , ■ 

A later form of Moncrieff distributor (Manlove. Alliott & Ca ' 
Nottingham) can be adapted for circular beds, the retaining 
walls of which can be substantially reduced in extent for a given 
area. As compared with the above area of 500 by 30 ft., the 
boundary wall of a circular filter of the same area would be 75^ 
less in length and also stronger in form against external pressure 
of earth, etc. "The apparatus is so arranged that not only can 
the same volume of liquid be distributed per hour over each 
square yard in the filter, but also as the distribution is not 1 
effected through small holes there is little risk of clogginij. The ■ 
distributor is driven independently of the head of sewage, and 
the rate of flow being completely under control throughout the 
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entire length of the distributing pipes, this distributor is peculiarly 
suitable for filtration on 3 large scale, and with it continuous 
filtration becomes possible even although the crude sewage has 
not been subjected to a perfect hydrolysing action during a pre- 
liminary anaerobic treatment." The same firm are introducing 
an arrangement for artificially aerating the nitrifying beds, by 
which it is expected that the rate can be increased without 
deterioration of the effluent, and with little extra cost. It should 
be remembered that the design and arrangement of such a plant 
require very considerable thought and slcill. for inefficient local 
aeration over a section of the bed might act so prejudicially on 
the portion of the sewage filtered through that section that the 
good effect of aeration over the remainder of the bed might be 
neutralized, or the efHuent might be even worse than if treated 
by double contact without induced aeration. 

Trade ErtxiiENTs. 

A. In reliUiun to Ckemical iind Precipilation Processes. Where 
land or precipitation is solely relied on, trade effiuents are a 
source of great di^cuUy. Thus it is reported from a town in the 
north that " they had six times tlie ordinary flow of sewage, owing 
to brewery refuse. Consequently complaints were very numerous, 
and they had to reconstruct their sewers and get a farm of 500 
acres, at a cost of £350,000. Wherever lliey had a staple trade 
they could not rigidly enforce tiie law. and they frequently had 
water discharged into the sewers at 212° F" An example of 
high pollution of another kind is given in the reixirt of the city of 
Worcester. Massachusetts (population 70,000), Nov. 1899. where 
the amount of copperas from pickling liquors discharged reached 
(34J tons per day,' requiring an enormous quantity'of lime for 
neutralization, averaging over half a ton per million gallons 
sewage, and producing a voluminous sludge, containing as usual, 
after sedimentation, about g8% of water, reduced by filter presses 
to 60 or 70%. By the chemical precipitation, which seems in 
this case to be inevitable, about cp% of the suspended impurities 
are removed, " and a very small percentage of that in solution," 
the total purification being 54% of the organic matter, carried 
to OQ'.'o by subsequent intermittent filtration Ihrough 6ft of sand, 
when the effluent is said to be " purer than the river-water itself," 
a generally superfluous degree of improvement. 

' Equal lo t!o pari* pur roo.ooo.otoii per ceni See the remark (1 
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In tlie Local Government Board Inquiry at Nuneaton, on 
Dec. 29th. 1899, it was recorded that their local proportion of 
trade discharges to sewage proper was : — 

Fellmongers [00.000 gallons per day 

Woolscourers 10,000 

Hat factories 20.000 

Ordinary sewage 370,000 

Total 500,000 



that is, that the trade discharges were 26 per cent, of the whole 
volume. The evidence stated that " one-third of the presoit 
sewage is now treated by the bacterial system, and the sewage of 

the town lent itself to this treatment The 

particular trades dealt primarily with their sewage, and the 
quantity of grease which was at one time perceptible was now 
considerably reduced." Especially in the North of England, 
processes for treatment of factory waste-waters on the works 
themselves have been greatly improved, and in a large number 
of cases made remunerative by recovery of products. Mr. Tallon, 
inspector of the Mersey and Irwell Board, classifies these liquors 
into those from (i) prini works, (2) dye works, (3) bleach works. 
(4) waste bleach works, (;) paper mills. (6) "paper stainers, (7) 
tanners and leather dressers, (8) fellmongers. (9) woollen trades, 
(10) silk trades, (n) coal slack washers, (12) soap makers, (13) 
stone polishers, (14) chemical manufacturers, (15) brevi-ers, (16) 
unclassified.* In the majoritj.- of works the discharges are dealt 
with, after screening, by precipitation with iron and lime. As 
mentioned in Chapter VII , a f^rrk salt is found to be more 
effective than a ferrous salt (copperas). 

Mr. Tatton gives typical examples of the methods adopted in 
large factories in the watershed, from which we extract the 
following particulars — 

I. — Bleach, Dye. and Finishing Works, Cheadle. Logwood '1 
and aniline dyes wnth mordants. The whole is treated with milk 
of lime by a trough and mixer, thence passes through screens 
into a long channel in which blocks of iron alum (ferric ammonium 
sulphate) are suspended and gradually dissolve Traversing 
three tanks, where a large amount of sludge is deposited, the 
partly clarified water is pumped into a series of high-level tank*' 

■ MaHufitlBiiit. by R A. Tallon, mi. 
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holding 9000 gallons each, iron alum being again placed in the 
inlet channel. Each tank requires 3 hours lo fill ; 5 or 6 hours is 
allowed for settlement. The clear liquid ts drawn off by floating 
outlets, and passes on to filters composed of six inches of fine 
ashes and 13 inches of rough clinkers with 4in. tile drains below, 
whence it is discharged into a brook. " The effiuenl is clear, and 
of a pale straw colour which is imperceptible in the brook a few 
yards from the outlet," 

The sludge from the various tanks was formerly deposited in 

, lagoons, but the quantity was so great that filter presses became 
a necessity. The sludge presses well without adding any more 
lime, and the solid cake is removed to a tip. The settled sludge 
contains 95'6% of water, and the pressed cake 71-4 (average of 
1 2 samples). Cost of works ;£6ooo ; annual expenses £$^0. 
Number of hands in mills 210 ; in purification works 4. Volume 
of liquid treated daily 300.000 gallons, rising occasionally to 
5a),ooo, 

11. Flannel and Dye Works, near Rochdale, An example of 
" the most complete and elaborate arrangement to be found in the 

' watershed for dealing with this kind of waste," and pronounced 

' to be very effective. 

Treatment of Soapy Water from {he Scouring and FinisMng. 
The liquid first passes through a fine copper sieve to remove wool 
fibres ; the sieve is cleaned by a revolving brush, and the flocks 

\ of value collected. It is then mixed by a water-wheel with milk 

I of lime, afterwards with a solution of ferric chloride 12 feet 
furtlier on. next passes through five seFtling tanks (arranged so 
that any one of the first three can be thrown out for cleansing, 

I and each provided with scum-boards), on to two filters of fine 

I ashes, used alternately, thence into the streams. 

The sludge is treated with sulphuric acid to break up lime 
soaps, and pressed through cocoa-nut matting, the acid filtrate 
being used again. The sludge cake is further pressed to recover 
ail, various products from which arc made and sold ; the refuse 
is burnt. 

The Dye Water after screening, scumming, sedimentation, and 

I filtering through ashes, is discharged into the stream. No pre- 
cipitation is mentioned. Alizarine dyes only are used, which are 
almost completely absorbed by the wool, and leave little solid 
matter in suspension : the bichromate liquors are pumped into the 
boilers for preventing scale: "no other boiler composition has 
1 found necessary, and the valves have lasted better than 
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previously."* Total volume of water used, i8o,or)0 gallons per 
day, cost of purifying works, £1970: nett expenditure on treat- 
ment during 1898, j£i99 16s. ; number of hands in mills, 90. 

In a large number of woollen mills, simpler works have given 
excellent results. They consist of " Sap-tanks." in which the 
water from the scouring processes, which contains most of the 
grease, is treated with acid and the grease recovered, also pre- 
cipitation tanks and filter-beds. 

in. Calico-printing. Dye <'nd Blench Works. Chadkirk. Ali- 
zarine and aniline dyes, logwood and other extracts, soap, starch, 
fustic, soda, bleaching powder, etc. The whole trade waste and 
wash waters are collected together in a detritus tank, which is 
cleaned out weekly. The liquor then flows through a settling 
tank, pas! screens with blocks of iron alum, into either of two 
precipitation tanks of about 180,000 gals, capacity, taking aj 
days to fill, and 3 days to settle. Floating outlets draw off the 
liquid, which (hen undergoes a double filtration through \% 
inches of stones. 1 2in. clinkers, and i8in fine ashes on top. 

Contrary to the experience of some dye works, the filters 
make a great improvement, although lime does not appear to be 
used. The sludge is run on to ground by the Mersey, and when 
dry, is spread on a grass field adjoining. The precipitation tanks 
are cleaned out after every filling, the settling tank every three 
months. Total volume, 190,000 gallons daily ; cost of purifying 
plant. ^650 : annual. ^^149 ; hands in works, 195. 

IV. Rtcovety of Waste Products at a print works on the 
Mersey, Soap liquor is treated wilh lime and iron alum, pressed, 
the cake steamed wilh acid, ihe grease separated, and the acid 
and alum from the press-filtrate used again. The grease is stated 
to be worth at least £j per ton, but even at £i^ 10s, it pays the 
whole of the expenses of recovery, the quantity being 15 lo 20 
tons a year. 

" The separate recovery of indigo is profitably adopted now at 
all large works. In this factory, about ;f 1200 a year is recovered 
on £ifxxi worth of raw material. Wash waters are precipitated 
with alumino- ferric and caustic soda, and the solids, with the vat 
sediments are treated chemically to separate pure indigo. 

Logwood liquor is difficult to treat, and contains much solid 
matter, hence is separately precipitated, though the product is at 
present valueless, even for manure, as it generates fungus ; it is 
simply pressed and burnt. 

■ It is uiually more proBlable 10 recover (he bichrgmMe bi- ■ 
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For the general precipitation with iron-alum and milk of lime 

[added 20 yards apart in the culvert), the tanks at these works 

lave a capacity of 413,000 gallons and an area of 22.000 square 

rds. The accumulation of solids in the tanks is not great, and 

le filters require the surface renewing only once in four months. 

^he surface lasts longer when it has been in use for some time 

lan when entirely new, suggesting a biological action, as with 

sewage. 

Cost of tanks and filters £1,500; maintenance £60 per annum : 
the three recovery plants pay for themselves with a good profit. 
Total volume treated 500,000 gallons daily. 

An interesting point is that a considerable saving is also 
effected in materials by the necessity for preventing pollution of 
rivers. Formerly, if a mixing was wrong it was sent down the 
Irains into the river, now it has to be taken to the tip and the 
is delected." 
One of tlie most polluting liquids is the water from the kiers 
hich cloth, rags, esparto, and straw are boiled — a strongly 
alkaline fluid which alone is difficult to treat. Judicious mixture 
with acid liquors and precipitation are used, while at one works 
irbonic acid is forced in to reduce the caustic alkalinity. 
The grease from the wool is peculiarly intractable, owing to the 
partial replacement of the glycerin of ordinary fats by eholesterin, 
*--3o^4a(^^)> "^ solid insoluble alcohol with a distinct affinity for 
water, insoluble in alkalies and in acids except concentrated 
sulphuric. The cholesterides show a remarkable adhesion to 
water, not rising to the surface like ordinary fats, but remaining 
suspended. It is found impossible to separate them by centrifu- 
gal machines, without concentration. Ferric sulphate, with lime, 
will carry down the greater part mechanically, giving a sludge 
difficult to press (p. 149). and containing about i"^"',, of grease; 
moreover, an inordinate amount of chemicals is required. 

The wool-grease, when purified, has attained a special com- 
mercial value as " lanoline," hence its extraction has received 
much attention. The perspiration of sheep, or "suinl." contains 
in addition considerable quantities of potash, which also pays for 
separation along with the alkali from the potash or soft soaps 
ich are used for scouring, Al Bradford, the grease is now 
ivered at some of the larger factories, and it is suggested* that 
smaller firms could combine and convey iheir suds by pipe 
(o one or more centres, where they could be dealt with in a 
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wholesale manner- II is clear that this suggestion of co-operativ( 
treatment might be applicable to other trades whose works \ 
not too distant. Besides the general methods of dealing with'l 
soapy liquors (p. 131), several special processes are used in I 
conneclion with wool. 

I. Degretjsing. Treatment with volatile solvents, surh 
bisulphide of carbon, benzene, or light petroleum in an apparatus ] 
similar to Leuner's, used for degreasing bones ; the fat is thus J 
extracted almost unaltered, and the solvent used again. At I 
present this method has not been found commercially successful. I 
Tlic DeUittre Process treats &rst with sulphuric acid, then with 1 
steam and benzene ; it is said that it can be applied economically 1 
to wool-suds or to a very dense sludge. It was tried in icpa on ] 
a ferric-sulphate sludge sent from Bradford, but it was found 1 
that it would be necessary to reduce the bulk to about one-fifth | 
in the process of precipitation. The grease was valued at £g 1 
per ton. 

II. Tfie Ayrsh/ie Process (Biggarl & Co., Dairy) is specially I 
applicable where certain classes of wool and potash soaps only are I 
used. The suds after depositing sand, etc. are evaporated to a I 
syrup, when the unsaponi&ed grease separates, and is removed at I 
intervals. The residue is calcined, and yields a crude carbonate I 
of potash, which is either dissolved and used again for scouring, I 
or refined, when it sells at jf 16 10s. per ton. The grease is boiled I 
with sulphuric acid, and may be sold at about £6 per ton, or 1 
purified further The process is said to be worked at a profit- 
Ill, Ordinary or Siilp/tiirU Add Process. When the suds ai 

treated or " cracked " with sufficient acid to decompose the soaps, 1 
the grease and fatty acids rise as a dark scum and are collected J 
and filtered, pressed hot, and sold as " Yorkshire Brown Grease." 

IV. Mfckanical or " li.ift.igf" Process of Motte & Co, Rou-^ 
baix, France The suds are agitated by beaters, raising a froth 
which carries to the surface the globules of insoluble fats, this 
is skimmed off by travelling scrapers and heated to 6o°C with 
one-thousandth of sulphuric acid to clarify and separate it. The ■ 
grease is strained through canvas bafjs, and the refuse is sold asfl 
manure. The acidified effluent is precipitated by lime, and i9<| 
then said to be neutral and perfectly clear 

V. Lagerie Process, Roubaix. In France and Belgium andl 
in a few cases in England (as at Alston Works. Bradford), thsl 
potash and much of the organic matter is extracted by hot watei 
from the wool before scouring, and the liquor evaporated anij 
calcined as above. 
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Dr. BeckhoM has published" a report on the sewage sludge iai 
llie precipilalion biisiiis at Frankfort, Germany. He finds that (l] 
the sludge contains an eiisily saponified mixture of fats and fat 
acids, 278 per rent, of the latler being combined with bas* 
the total fatty matters varying from 3 to 27 per cent. (: 
scum contains 80 per rent, of mixed fats {3) The annual a 
of fat lost in the sewage is over 1 1 million pounds, or about 8lht! 
per head. (4) The amount of sulphuric acid required for com- 
plete decomposition is very large. 35 to 50% by weigliL (5) The' 
iron in ihe shidge is wholly in the ferrous state. (6) The fat^ 
collected in the basins is reduced in a few months by bacteria to 
a small fraction of the original, more rapidly in the dark and at 
summer temperature. 

VI, Sim/A Leach Process. — This method of treatment is now 
being introduced at Bradford and consists in first evaporalii 
off about four-fifths of the waler in a Yaryan multi|)le evaporatoi 
when the concentrated suds can be cenlrifug-ised into (i) 
(2) concentrated potash soap solution, and (3) crude lanoline. At 
the Field Head Mills, the concentrated potash soap solution ob- 
tained from the centrifugal machines is then further concentrated 
in ihe evaporator, and finally burnt in a revolving cylindrii 
incinerator to crude carbonate of potash, which can be used 
washing other wool or sold for soap making. It will be seen thi 
by this process no effluent remains and that the distilled water from 
the evaporator is available for use in the washing bowls, thereby 
saving the cost of the water supply for this purpose, and being soft 
diminishes the quantity of soap required by 15-30 per cent, as 
compared with that usually required with Bradford water. 
Although the plant is somewhat costly, the trials at Field Head 
Mills show a considerable profit, as the grease sells at nearly jQ: 
per ton and the potash at £21. 

Silk Works. The gummy character of the wash-water rend* 
it diflirult to deal with, but at Lister's Works, Bradford, accord- 
ing lo Baldwin Latham, a double precipitation produces an 
effluent fit to be used again in the factory, at a cost not exceeding 
6d. per iocjo gallons. 

Paper Works. The process must vary with the materials used. 
Caustic liquors from esparto or straw are evaporated and the 
soda-ash recovered hy incineration. The wash waters an 
economized by being used over and over again and finally 
precipitated and filtered as above. Wood-pulp works introdui 
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much less pollution; the whole of the pulp, which is usually 
prepared abroad, is of value, and is kept back by a variety of 
"save-alls " (revolving sIl-vcs uf fine gauze), aiul .settling tanks. 

At Dartford Creek Paper Mill, Kent, a patented apparatus is in 
use which is intended for purifying trade effluents generally. It 
consists of a series of closed sediment chambers followed by a 
closed filtering chamber in compartments charged with coarse 
or fine ashes, the liquid being forced through the whole arrange- 
ment under pressure. Each settling chamber has a hopper-like 
bottom with a sludge-cock for withdrawing the deposit. The 
ashes are contained in receptacles fitting closely into the filtering 
compartments, so that they can be withdrawn when clogged and 
fresh ones substituted. 

Bleach Liquor and its persistence have been alluded to at p. 
i6i. Chlorine in the free or oxidized stale is not removed by 
ordinary precipitants, except ferrous sulphate: in a hydrolytic 
lank it would at once react with the ammonia and sulphuretted 
hydrogen as at p. 158, and unless in undue proportion to llie rest 
of the sewage would be rendered innocuous. 

Tanners' •md Fellmongers' Wuslc is generally admitted to the 
sewers after deposition of the grosser solids. If precipitation is 
practised, the tanks require to be cleaned out frequently in warm 
weather, and suitable land or double filtration is resorted to 
afterwEirds. 

Breweries. A large quantity of water is used for cooling ; 
this does not require treatment. The washings of barrels, vats, 
and tanks are precipitaled and filtered, but in many breweries 
tliey are discharged direct into the sewers. All these wastes are 
preferably treated by bacterial methods.* 

Slack-wctsking, practised at some collieries for separating 
small coal, gives a waler which readily clears in settling tanks, 
and can be used again and again. 

Chemical works give wasic waler of so various a character that 
each case must be decided separately. 

In a number of e.xperiments on trade effluents, Meade-Kingf 
found that the addition of salt water greatly helped the precipi- 
tation, either by iron alum, which he considers the most useful 
precipitant, or by tannin (from oak bark, leaves or galls), which 
is specially useful in gelatinous effluents like those from print 
works, but is rather an ex|>ensive precipitant. 
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Local Regulations. — Under Section 7 of the Rivers 
and Prevention Act. 1876, every Sanitary Authority having 
under their control shall give facilities for enabling manufacturers' 
liquids proceeding from their factories to pass into the sewers, 
provided that nothing injurious is so discharged. In the West 
Riding Act, 1894, any liquid rendered poisonous, noxious, or 
polluted in the course of some manufacturing process, must be 
excluded. The Bradford Act of 1897 states that it shall not 
be lawful for any person to cause or suffer any refuse from any 
manufacturing work, that would interfere with the treatment or 
utilization of the sewage of the city, to flow or pass into any sewer 
or watercourse. The London County Council General Powers 
Act, 1894, section 10. provides for the prohibition of the discharge 
of dangerous substances into sewers. In view of an explosion 
that had occurred, an order was served in July, 1899. prohibiting 
"any petroleum or any product of or residue from petroleum or 
any liquid or substance giving off. or liable to give off. inflamma- 
ble vapour, being caused or permitted to fall, flow, or enter, or 
to be carried into any sewer directly or indirectly." At Bilston, 
nothing is admitted into a sewer " which would either damage 
the sewer or the living crops," (irrigation), and the authorities 
have the additional power to exclude anything whicli could injure 
the purification process which might be in practice. 

At Dradford, under the above Improvement Act, the Cor- 
poration have the power of preventing manufacturers from 
discharging untreated trade effluents into the sewers, with a 
payment, in certain cases of prescriptive rights, of a compensation 
for expenses of purification. A single firm at Bradford is stated 
to recover from the suds one ton per day of "oil grease," valued 
at £\2 los. per ton, while no attempt is made at recovery from 
the 1 1 tons per day of grease and dirt washed from the raw 

' wool. From this, according to Mr. Hlouiit, at least 5 tons of 
grease worth j£6 per' ton per day could be obtained at a cost of 
about half the value. Mr, Cox* estimates Ihat 370 tons of greasy 

' wool are washed per day in Bradford, which " corresponds with a 

' net income of £cj%,2yi, thrown away in such a manner as to be not 

i mere loss, but a positive injury to the town in that it interferes 

f with the proper treatment of its sewage." 

In relation to Bacteriiil Processes. — At Local Governmeol 

I Board inquiries it is constantly asked whether manufacturing 

I effiuenis will interfere with Kictertal treatment 
■ SaniUty Congress. Leoils. 181J7. 
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On the whole, the effect of these liquids lias been greatly^ 
exaggerated. In Uie case of small settlements collecled roimdfl 
factories, llie domestic products may be only in small proportions,! 
and the effluent must be treated specially by chemical methodaj 
and not as a sewage proper. In large towns these discharges! 
are usually so largely diluted that they cannot interfere with a 
bacterial process when rightly carried out 

It has been said that the antiseptic action of some cheniicalsl 
would arrest the bacterial changes. But by actual cultures iff 
has been shown that the amount of disinfectant required to kill I 
or even inhibit the organisms is far in excess of what caiil 
be present in the mixed sewage. Kor example, at Yeovil,! 
where arsenic as sulpharsenite of calcium is derived from the* 
refuse of glove-making, I found that ihe maximum quantity of I 
orpiment, As^S^, that could enter the sewers per week, if the 1 
whole amount escaped, was 2 cwt, equal in I30,ooo gallons of I 
sewage daily to 3.9 parts of As^ O3 per lou.ooo, or -0039 per cent., 
whereas Miquel observed that o(J per cent., or 600 parts per J 
100,000 of ASjOa was required to prevent bacterial growth, and \ 
Frankland and Ward assert that it has little effect on lower forms | 
of life. 

In December, 1899. I examined the waste liquors from two of I 
these factories, and found i — 

Arsenic (As) parts per ii)o,ooo 6 S6 ij 45 

Equal to arseiiious acid Ah.,0^ go ia'^8 

Tola! bacteria per c.c ifj.goo 3.300 

Ifapidly liqiielying ditto ... 7 lou 

Therefore, although arsenic in this quantity has an inhibitoryl 
effect on some organisms, the liquid still contains a large nu 
including those of a rapidly liquefying character, and spores, so \ 
that the bacterial work would not be arrested, even if the liquid J 
reached the tanks undiluted with sewage or storm-water, In.] 
comparative trials with the sewage alone, and mixed with I'o of J 
waste liquor, I found that both denitrifying and nitrifying changes 
proceeded similarly with either. As a matter of fact, the total I 
volume of trade liquors in the Yeovil sewage on any one day doca J 
not exceed one-fortieth of the estimated dry-weather flow 

Tannery liquors in the United States are said to contain such 1 
a quantity of arsenic, even after sedimentation, as lo hinder J 
bacterial treatment. The Massachusetts State Board (Report. ; 
1898) found that passing through a coke stra' 
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loved the arsenic as ferric arsenate, and that by afterwards 

tering through beds of sand and gravel at the same 

dinary town sewage, a satisfactory effluent, fairly nitrified, 

uld be obtained. The fals retained by the filler for a time were 

lestroyed by bacteria, A similar process was used successfully 

ith the waste liquor of paper mills. With that from wool- 

:ouring il was found impossible to filter the heavy liquors, as 

■Hiey quickly clogged the surfaces of either coke or sand. After 

neutralizing willi sulphuric acid to remove the fat, the liquid was 

mixed with 5 times its volume of cily sewage, when the bacterial 

action became very vigorous, finally higji nitrification set in, and 

sand filter gave a good result. 

As an instance of an acid eflluent. I found that a soap works 

it Exeler was discharging | -ton of acid liquor dally. Even if this 

contained i per cent, of sulphuric acid, it would amount on a 

million gallons of sewage to 01 part per 100,000. But the crude 

.sewage has sufficient alkalinity to neutralize more than this 

louiit of acid provided the latter be not supplied in spurts as 

hen poured direct on a filler. 1 have already remarked on the 

leficial mixing and " smoothing " effect of the septic tank on 

le great fluctuations that occur at different times in all varieties 

>l sewage, I believe that the same natural neutralization and 

recipitation would dispose of most metallic admixtures such as 

m salts, galvanizing pickle, etc. 

With regard to tanning refuse, the antiseptic power of taimia 
tself is very small, and moreover, it does not pay to let much of 
it escape. At Exeter I estimated the daily quantity from the 
large tamicry in that town as equivalent to that in six fluid ounces 
of brewed tea jier head of population, and it certainly could have 
no influence. 

Effluents containing animal or vegetable matters, either sus- 
pended or in solution, as those from breweries, starch factories, 
however foul and unfit to be discharged into rivers, present 
difficulty to bacterial treatment, as the large numbers of 
liquefying bacteria which they contain conlribiite lo the 
efficiency of the process. 

According to Mr. Naylor, the introduction of competitive and 
more active organisms — the anaerobic bacteria of putrid sewage 
■has the effect of preventing almost completely the souring in 
liquors containing starch or starch products. A number of works 
the North of England now use a septic tank holding not less 
in 3 days' flow, started by old sewage sludge, and fed with 
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ii mixture of the waste liquors with not less than 5 per cent of 
domestic sewage. The outflow from the tank is delivered by a 
revolving sprinkler on a bed of furnace-ashes or coal, and results 
in a good diluent which aflcr passing through a small sand filter 
is clear and sweet, neutral and colorless, contains nitrates and 
little albuminoid ammonia. One satisfactory result is the 
removal of turbidity, by the coagulating effect of the sewage, 
from difficult liquors such as those from esparto, china clay, etc. 

Popp and Becker* found that "liquefying bacteria" were 
killed by 0'5% of sulphuric acid or by 1% of sodium carbonate, 
an acidity or alkalinity that would be higher than the ordinary 
factory runnings, and would be brought down when mixed with 
the whole of the sewage to an unimportant factor. As an 
example I ascertained that at a certain paper mill 35lbs. of soda- 
ash were used daily : the maximum addition to the alkalinity of 
the whole daily sewage was 0-3 parts per 100,000 or -0003%. 

Gas liquor and the effluents from limber works often contain 
a large quantity of suspended tar, which clogs up filter beds and 
presses, and fouls the catch-pits and sewers. Therefore they 
must usually be excluded. A sample of refuse from a limber 
yard which I examined in May. 1899. contained, in parts per 

100,000 ! — 



Heavy petroleum ., 
Pieces of wooii, sirav 
Earthy matter and o 

Solids in solution 



S27 



This is an example of discharges that are easily dealt with by 
a catch-basin and straining, as the filtrate was nearly clear, 
almost inodorous, neutral, and not injurious to bacteria. With- 
out such treatment the floating larry film might possibly some- 
what hinder the activity of the upper baclerial layer of a septic 
tank, but the aqueous liquid itself in its dilution would not be 
likely to interfere either by its sulphides, cyanides, ammonia or 
lar-acids, inasmuch as many bacteria generate and live in a 
medium impregnated with ammonium sulphide, white cyanogen 
compounds are far less poisonous to lower organisms than to 
higher animals, and the strongest of the tar derivatives are not 
bactericidal under 05%, or 500 parts per loo.ooo.^an impossible 
amount to be present in the mixed sewage. 

In exceptional rases, Iiowever. where intense acidity or other 
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> Strong admixture cannot be avoided, the use of lime and a 
settling liink would become necessary: in this case a sludge 
■ would be created which would not be that of sewage. 

Dr. Boslock Hill* stated that the sewage of Wolverhampton 
I " heavily pollatcd with chemicals," and that of Lichfield with " a 
} large amount of brewery refuse," did not interfere with the 
I Garfield coal filter which was working bacterially. 

Mr. Fowler reported at Davyhulnie, Manchester, in September 
i8g8, in reference to the bacterial filters of coke-breeze, that.-^ — 
I '■ With regard to trade refuse ; iron [lickle (ferrous chloride), dye 
1 refuse, carbolic acid, and sulphocyanides from gas liquor, are all 
f removed or oxidized, that ' in no case has the presence of manu- 
I facturing refuse showed a marked tendency to make the purifica- 
I tion less effective,' though ' it is probable that with purely domestic 
[ sewage the yield of nitrate would be larger' " 

This was confirmed at Leeds (Report, July, igoo), where large 
quantities of iron liquor came down in the sewage, " representing 
as much as 5 tons of metallic iron per 24 hours. Generally a 
iarge part was retained by the beds, but at times some of it caine 
through in solution and afterwards settled out as a buff-coloured 
hydrated oxide." The effluent supported fish and vegetable life. 
Effluents from oil, wool, and dye works at Trowbridge, Wilts., 
according to Mr. Dibdin's report of September, igoo, interfered 
little with bacterial treatment, and not at all when diluted, with 
I the exception of bichromate liquors, which have been already 
alluded to (p. 286). However, none of the fourteen effluents, 
when added singly or in mixture, in the proportion of one per cent, 
to sewage 15 minutes before cultivation had any antiseptic effect, 
while with seven per cent, of the mixture the influence was only 
slight. Mr, Naylor found the same to be the case in two years 1 
experience at Wolverhampton. , 

Fibrous matters, such as those from wool manufacture, and 
from horse-dung and wood -pavements, as mentioned in Dr. 
Clowes' L.C.C. Report of 189Q, seriously interfere with the action 
of the bacterial fillers, but are easily dealt with by hydrolysis in 
a septic tank. 

In conclusion, I believe that a bacterial process, conducted in 
regular sequence, would deal with all ordinary manufacturing ' 
admixtures. 

• I^eeds Sanilary Congress. iSq7 
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Godwin's Railroad Enginnn' FieU-book and Eiploren' Guide 161110. 1 

Howard's Tranaliioo Curve Field-book i6mo more 

Hudson'6 Tablet for Calculating the Cubic Content! of ExcaTatlom and En 

Molitor and Beard's Uanual tor Reaidant EogliiMn , . .i( 

nafle'i Field Manual for Railroad Eagineen i6mo, more 

Phiibrick'a Field Hanual lor Engineen l6mo. more 

PtBd and Alden'i Sneal-raUway Road-bed . 

Beailea'i Field Engineering ifima. laatD 

Railroad SplraL i6ma, morocco 1 

Tarlor'sPiiimoidal Formula and Eailhwork .Svo. 1 

■ Traulwlne's Uelbod ol Calculating the Cubic Coolenti at BicavatloD! and 

Embankmenuby (he Aldol Diagruni. ...Bfo, 1 

be Field Practice of .Layiog Oul Circular Cbitm for Railroad*. 

• CroH-aectioo Sbeel Paper. 

Webb'i Railroad Conttructlon. id Edition, Rewrlltea i6ain. moioceo. : 

WelUngloD'! Economic Tbeory of the Location of Rallwan Small Svo, ; 

DRAWIHG. 

Ban-) Kiaematkt of UachmetT 

• BarUett't Mecbanlcal Drawlni 

Coolidge'i Hanual of Drawing 

Diulev'i KineDutici ol Uachinei 

Bill'! Teil-book oo Shadea and Sbadowi, 

Pan I.—Kinematicaol UachiaerT 

Pan n.— Form, Strength, and ProporHoni 
KacCord't Elemeata of DeacripUve Geometrr , . 

Kinemailei; or. Practical Hechaoiam 

Hecbanical Drawing 

VekKity Diagram! 

• Hahan') DeKtiptive GeomeD7 and Slone-cutI 

Induatrial Drawing. (Thompeoo.) 

Reed'i Topoiraphieal Drawing and Skelching . . 
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Raid'! Cauns la Hochvikal Dtiwlnc 

Tut-lMakolMKtuuilulDrawlniindEleiiicaUir)> Machlna DhIkh. .Sio. 

Bobluon'i Piioclplea of UEcluDiiiD 

SnlUi'* Huiul of Topoerapbical Diawloc ^UcMiUan.l 

WwtBD'i ElamcnU o[ Ptaoa and SoUd Fiet-huid Geomctiieal Dravlng. . i 

DnfllDS lobDumcnts and Operaiiou i 

Haoual of ElcmantaiT Projaclion Dravliic i 

Manual □( Elcmiatar; Broblemi in Iba Llnaar PenpectlTg ol Foia 

Shadow I 

Plane Problcmi in £kemaiiUi7G<Dnistiy ' 

Piimuy GaODiotty ' 

eicoiiala ol DtaciiptlTc GiomctiT. Shadom, and.PerapeedTc 

Gancral Problcma of Shadci and Sliado¥il 

Elementa of Machine CocBtiuctioa aiid DniwlD( 

Problcioa.Theonmi, andEiampIeiiaDeKiiptlTeGeomiliT 8*0, 

Wel>b«cb't Kinematici and tbs Power of TranamlMUO. iBermac 
Klein, ) 

WhelpleT'i Piactkal Inilruction In the Art of Letlec EntraTini 

WUaon'iTopofraphic&urreTinE,, ,.,>.,,, .........,,---, 



ELECTRICITY AMD PHYSICS. 

Anlhonir and Biackett'i Teit-book of PhyElci. (Hacie.) Small I 

AnlbonT'iL«cture-noI«oiiUieThcor)iDlEiectricatMeaturemeau ii 

Baojamln'ilHlitoiT ot Electric ilj I 

Voltaic CelL I 

Claaaeo't OnaDtilatiTe Chemical Analnia by ElMttolTil>- (Bottwood.). .1 
Crehora and Souiei'i Polaiiilni PbolD-cbronoiiaph. . 



'and Ekitrii Traciioti Pockel-hooV . . i 






jf Poin 



id Teili Larce D 



Holman'a Precision of H 

TeleKopic Hinoi-Kale Kelbod, Adjultmenli, 

LanaaueT'B Spectnun Analyala. (Tingle.) Sto 

LaCbauUer'iBlch-tempenTureMeasDreaitnts, (Boudouard— liunteu.}iimo 
LOb'a ElectTDljali and ElecCroBTQtbaaiaof Oi|anicCompDuiidt. (Loreoi.) iimo 

• LTona'aTteatiieonflectTomagneticPbenonieo*. Vole. I. and 11. Dvo. eacb 

• Hichle. ElemenQol Waie MoKan Betatlnc to Sound 'and Light Sto 

HiaDdet'iEkineiitarTltealiM on Electric Batteriet. (Fiaboaca. i iimo 

• Panhalland Hoban'a Electric Ceneraton .Small 4I0. half moiocco 

• SMenbeit'e Electrical Enfineerinf. {Haldane Gee — Klmbiuoiiet. ) . . . Byd 
Rjan, norrii. and Holie'i ElecDicai Machineir. (In prrparaHor:- 
Thunton'a SUtionaiT Sleam-en|lDei Sto 

• TUlmaii'i ElUDentary Lcnoni in Heat 8to 

Tory and Pitcher*! Manual of Laboratorr Phyilo Small Bto 

Olka'i HodetD ElecCtolrtlc Copper BeflalDi .. 




'■ EosuiHriDE and Aichiltclurtl JutiBprudenci Sn, i 

Law of OpcntioEU PrtUmlou; lo CeDitnicdnn in Bo^nwring'uul AicU' 



Winthrop's Abridgment of HiHUij L«w ttma, 1 

MANUFACTURES. 

flemrndgu'i SmokeleB Powdet— Mitio-ctUulew and Tbeorr ol tbt CeUuloaa 

Molecule n 

BoUand'g Iron Founder li 

"Tbe Iran Founder." SuppluncnI. ti 

Encrclopedi* o! Fouodinc and DlctlDiiatr otiFoandry Tenns Died id 

Practice of Moulding " 

Blutei'a Uodera Bigb Eiploiliei Bva, 

BffTDnfi Eoiymei and their Applicationi. (Prsacon.) 

PlUierald'e BoKoQ Mactunlat 

Ford-i Bollei Maklnc loi Bailer U*km 

Hopklag't Oll-cbemlita' Handbook 

Keep'l Cart Iron 

Leacb'a Tbe Inipectlon and Analysli ol Food vith SpeclallRcfeienu 

CootroL iln preparotisn.) 

Metcalf'a SleeL A Manual [or Sleel-ulers 

UctcaUe'i Coat of Manufutucu— And tbe AdminlaCretlon of Waclcshapa, 

PubUc and PriYale 81 

McTor't.HodunLocomaliTeConilniction «( 

• Rebli'* Guide to Piece-drelac S* 

Smllb'i Prau-worklng of Metals Bi 

Wire; lu Om and Manofactur* Smalt 41 

Spaldlug'i BTdraullc Cement Iin 

Spancer-B Handbook for Cbemiita of B«l-iniar B 



Tburfton'e Manual 0: 



r Dealgns, Connr 



..l6m( 
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Wieclunann'i Sufar Analriii, . , ^ . , , 
Wotfl-i Windmill aa 1 Prime Morer . . . 
Woodborr'i File Protection ol UUli. , 



ICATHEHATICS. 

Baker*! Elliptic Functioni 

■ BaB'i Blementa of Dlflerenilal Calcuhii 

Bricci'i Ftemenii of Plane Analrlic GeomtUT- 

Chapman*! BlemeatarT Coone !□ Tbeorr ol BquatlDDa . . , 

Compton'! Manual at LDjarltbiiile Computatloni 

Da*li'a InlroduGtlaD to tbe Locic of Aliebra 

■ Dickioa'* College Alcebr* 

■ InCrodDCtiDn to the Tbeorf el Alfthnlc Bqtutloiu . 
Balaled'a Element! of Ctometrr 

Elementary Syntbetic Gcometrr. .,-.^....>- 

10 
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Joluuaa'i ThiM-plku Logultluiuc Tab: 



: Vcat.pocket •!» P*[)«I> 

heavy Midboard, 8 X lo lacba 
ID copl« lor 



Elamtnurr Tnaiin oa the Intainl Cikuliu 

Com TraclBE in Cineilan Co-ordlnaica oma 

TraatlK on Ordinary aad Panlal DUIerentUI EquaUoni Small Sio 

Thaory of Eiranaad the Method o[ Lean Squatei iimo 

Theoretical Mechanics i amo 

Lapbee'a Phlloiaphlcal Euay on Probabilities. (TnucotI and Emory.) limo 
%i Bass. ElemeatB of Trieonometiy and Loiarilhmlc and Other 



letry aod Tablet publlahed gepaiattly Each 

inical Mechanics, (/n preparaiipn.) 
Woodward*! Higher Mathematica 8*0 



Ltlne for BuiUlDd. . 

> MichLiery , 

IDtav 



..Sto, 



Haurn-i Tei 
Herrlman ai 
Harrimitii't 1 
Rlea and Johnaon's Elementary Treatise on the Dlfleranllal Cakullu.Sm., SvD 

DlfTeienlial and lategral Calcului. i yoU. In one rimall 8to 

Wood'i Eleitunli of Co-ordinatt Geometry 8to 

TrI(onometry: Analytical. Plane, and Spherical lamo 

I HECHANICAL ENGINGERinG. 

HATBRIALS OP EKOIKEERIBG. STEAM-E5GIKBS AHD BOILERS. 
BiUwIn-i Stum Hei 
BarT>i Kineouiiici o 
• Barllen's Uechani 
BenlaiBla'i Wrinlilesaod Rsclpei. . 
Carpenlar'i Eipetiineolal EnfinMring Svo 

Beatiniand Ventilating Baildinfa Sro 

Clerk'i Ou and Oil Bngina SmaQ S>o, 

Coolidee'i Manual of Draaioc Sto, paper, 

Cromwell'i Tteatiie on Toothed Gearini iimo. 

Treatlae on Belli and PuUeri 

Datlaj't Kinamadci of Uicblnea. 

FUther*! Dynvnometen and the Heanmnont of 

Rape Drlilng 

OlU'i Caa knd Fuel Analytls tor Eacineen 

Hall'* Car Lubrication 

Hntlon'i The Gai Engine, (tn preparation.) 
Jaoai'i Machine Deslin ; 

Part L — Klnematlci of Machinery Sto. 

Part IL—Form, Strength, and Proportiooi of Parta Sto 

Kent'i Mechanical Enslneer'iPocket'book. i6iil0t morocco 

Ken'i Power and Power Tmaaminioo Bvo, 

MacCord's Xlnematlca; or, Practical Uechanlim. Svo, 

Machanical DrawJoc.. 

Velocity Diagiaizu. ......._.,.....,. 

Mahan'i Induitrlil Diawiof. (TbampHa.) 

Poole'i Calorific Powet of Fuele 

Raid'i Couth In Mechanical Drawinj 

Tul-bDok of Mechanical Drawing and Ekmanluy Hacbloa Datiga. . 
BJehaida'a 




' MeUli. . 



and Loat Work in Machineiy and I 

S 

ilaia Machine and Prime Uotor.and the Lawi of Enercetlci. Ill 



Wanen'i Elcmcata of Huhiua Cooitniclion ud Dnwioj 

WEbbucb'i Kiiunutici uiil Uu Power of Trariinisiioii. Hen 

Ktoio.) 

Hacbinen' of Tnnimlnlaa tM GoTernon. (Herrmann— I 
HydrauLct and HjdranUc Hotora. (Do Bell.) 

WalS'a Windmill aa a Prime Marts 

Wood'f Tuibinet 

MATERIALS OP ERGHIEERniG. 

Bovtr'i SiieDjili ot Materlali and Tbeorj ot Stroetutti 

fiuiT*! Elaaiicitj and Reaistaoce of tha M«ttT^»Tf of EngiDeeTinj. 

aolu o[ Endneeiisi 



jQh 



lllron.. 



, .Larsa Std, 



Lanza*! Afipiiod Mechamcar . r -.,,--...,,,,-,..-«..-- ^ ,-,. -J 

Martem'i Haadboolt on Tealinc Materials. (Henninc.) ...I 

Mfrrinuo'iTcit-bDokoaUu Uecbuiici of KalihaJa 1 

Strenglh of Uatet'ali la 

If elulTl SUeL A Uantul for Sleel-uaeii ta 

SmiUi'i Win; Iti Uaa and Hanufacniie Small 4ta, ] 



Thiui 



I Uaurlali 



Eotineli 
in and Steel... 



I, BioDiM, and Olhu Allofi and iheii 



e Reiiatance of Uawrlal* a 



Ekmigt* of Analytical Ucctaanict Sm. , 



STEAH-ENGinES AND BOILERS. 






lotlTe Powe 



(Ihun 



■■Engineeriog" and Eletrrie Tri 

Eord't Boiler Ualdni for Boiler Haken 

Gou'i Locomolive Sparka 

Elemeitway'i Indicator Piactica and Slaun-tocina EcaoomT. 

Hnlton'g Uechanlcal Enflneeiini of Power Planta 

Heat and Heat-encioaa. 



Pocket-book. .i6mo, mor.. 






KneaH't Practice and Theory ot th« lojeclor 

MacCord'i Slide-Tatrea 

Meyer'a Modem Locomotive Conitniction 

PeabodT't Haoual ol the Sieam-engine Indicator 

Tabln of the Propertia of Saturated Steam and Othar Vapon 

Thermodyiumio of the Steam-eDiioe and Other HeBt-eaiJDaa . . , 

Peabodr and HiUer'i Sleam-boilin 

Pray'a Twentr Yean with the lodiutoi LarieSvo, 

Papln'i TbermodTntmlc) of ReTeralbta Cyckt in Gm4 and Saturated Vapon. 

(Onerberg.) 

Reaian'i LocomotlTe* : Sirapl*. Compoond.aod Xlactric 

Rontien'i Principle! of Thennodrnamlc*. (Du Bob.l 

SiDclair'i LoccaotiTe Engine Runolni and Manaiem«ni 

Smart'* Handbook of En(inecrlnc Laboratoir Practice 

Snow'i Steam-boiler Prulica , 
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SpanclM'i Valn-<un 8m, > bo 

Hatn «a Thcrmodraamki UiM, i M 

apuiller. CiHot, anil lUntuUl'i Elamsnli of 8u«ia-*nclM«riBC 8to, ) M 

Tlraman'iHuidTTiblei B™. i g« 

lUiliulof theStum-enilne >*ab..S*a lo 00 

Put I.— Hiiierr. Stmctun, and Tluon' St«, 6 oo 

Panll.— t)<JMin,Con»iruetlon,«n<10p«atloii 8»o, 6 oo 

Handtwok ol EnflnE and BoUir Triala. and iht Daa of tba todkalOT ind 

(be PtoBj Brake 8to s 00 

Sutianary Steam -cntinta 8*D. I 90 

Stcam.bailcr Eiploiioo* la Thcorr and In Praetia Iimo, I SO 

Manual ol Stcam-boilan , Tb«ir Dalcni, ConatrucUoo. and OpnalloB . 8n, s oo 

Wilibach'i Beat. Steam, a J Sleam-eQiinst. {Ihi Boll.] Btd, S 00 

Wbltham'i Steam-enciiie ) Mi(n 8ra, 5 00 

reatiH on Strain- boilen. IFlafbei.) i6iBe, 1 so 

Vood't Tharmodrnamka, Heat Hoion. and KefficeialiDf Hachlnet. . . .Sto, a oe 

MECHAHICS 4I1D VACHMEKT. 

Barr"! Kinemaiici ol Machiner? Sto, a~90 

BoTtr'i S«en«ibot Uateriali and Tb«ry □( Structure* Bto, t 90 

Cbaia'i The Art ol Pa nern- making Iimo, 1 9> 

CbordaL — Eiiiacti (lom Letteri iimo, a 00 

Cburcb'i Hefhanjci of Eii(inunna 8m 6 00 

Hdim and EiamplFt in Ucchanle* 1*0, a do 

CamplDD'i FInl LeHoni In Heul-worlDiic luno. I gO 

ComptoD and De Croodt'i The Speed latba luno, ■ so 

Cram weU'i Treatiae an Toothed G«arin« tamo, i go 

TreaUae on Bella and Puller* ~ ismo, 1 So 

Dana'i T«tt-book of BleiDentary Mechanld for Iho Dae of CoOBfaa and 

School! 1 amo, i so 

Dincer'i MachlRerr Patleni Uaklnf limo, 1 00 

Dradie'i Record ol tbe Trinaportatioa Siblblla Bnlldloc of the WorU'a 

Columbian EipoiiUan of iB«3 41a, half tBonKco. 5 oo 

Du Boit'i ElemeotacT Prisciplei of Uechaaju: 

VoL I. — ICineroatiu Bto, ] SO 

Vol, n.— Statiee Bto. 4 ao 

VoL m.— Kioetici 8to, j 90 

Mcchankiof EnilaMrlag. VoL L Small 410. 7 SO 

VoL n. Small 410, 10 00 

I>urleT'i Kincmalici of Hachlnea S*o, 4 oo 

Flticerilil'* Boilon HacUniat. Ifiaao. t OO 

Platber't Dfoamomewr*, and Ibe HeaanicmaBt ol Power lama, 3 Mt 

Ooca'a LocoDiollTe Sparka Bto, * Oo 

EbU'> Car Lubrication taoB, ( oo 

Bollr'a Art of Saw Fillof i8bo vs 

a Johnaon'i Theoretical Kechanici lanw, 3 00 

Siatica br Graphic and Algebraic Hetboto Iro. 1 00 

Jonei't Kacbine Deilta: 

Pad I, — Kinematica of Haehlnery Bto, i 30 

Pan □.— Form. Slreafth, and Proporttooa ol Parti Bto, 3 00 

Kerr'i Power and Power TraDtmiaaian Bto. I 00 

Lanu'a Applied Mechula Bto. 7 so 

MacCord'i Klnematlca; or, Practical ICecbanlsDi Bto, s ob 

VekKilr Diaciam* Bto. ■ 90 

Haorer'a Technical bchanio. [/i> prtfunilion. ) 
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» SO 

3 00 
1 59 

■ 00 
1 M 

i 00 

ill 

1 90 

• so 

1 so 

k 

» 50 

3 00 

1 00 

4 00 
1 M 

11 so 

t 00 
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RHgan'i LacoDoIiTH; Simple, Compoimd, and Electric ijnu 

ReU'a CoDiK'in Mecbanlcal Drawlnt 8*0 

Tan-book ot.Mechanieal Drawing and Sltauotuj Machioe De^co. .8»o 










ThuCBtoa'a Treallee on PiicttoQ and Loit Work in Uachlnerj and UiU 


Warren's Eleracnti of Machine Conetniilion and Drawing 8to 








The World's Co lurabUn Eipolilion ol i8e3 *» 

METALLURGY. 
Bfletton-i HelaUuinr ol SUvir, Gold, and Hercorr: 








Kunhardt'i Practice of Ore Vlltaint 1° Europe 8*0 








Fan nt.-A Ireatlw on BraxM. BtoniM. and Otber AUoTi and tb^ 




HUTERALOOr. 

Bairingir'i Description of lllnerata of Commercial Value. Oblong, moroceo 




Cloth. 




Fini Appeadi. to Dana'i Hew ■'Sntem of MlneratoiT." . . . . Urje 8to 

Teit-book of ffioertlon 8tO 

Hineials and Hoo to Study Tbem lane. 

Catalogue of American LocaUUe* of Unenlt LarfSSro 


Hglenoa'. Ctaloeue of Ulnerali and SjraooTOU 8»0. 

Bo..«k'aTbeDeleniiin.tiooofRocli-lonnlneinnerali. (Smith.) Smauaro 
U 



■ Panfleld'i flol« on Determlaitivn MJnDialoir ud Record of Hlocisl Teau. 
8io. paper, 

RoccDbuscb'i Mluoicoplcal PhTiioenphy of (be Rock-miking tCiiunils. 

(Hdingi.l %n, 

•Tlllin«n'» Text-book o( Iinootnuii Uloerali lod Dodu Sto. 

WiUkmi'. Hunuiil pt Lithotoir Bto, 



Beuil-i VeniUation ot MlDEi 

BoTd'B Re»urc« o( Southweal Virglaii 
Map ol Southwell Viisiaia 






EiploaiiE Conpoundi, and Rock Drilli. 
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Eiulcr'i Modern Uigb E»pto6iTe» 

Fowler-i Sewage Work* AnalTiei 

Goodjeat'i Coal-mlneB of Chs Westara Coaat ol tbe I7aitad Statn. . 

Uikeng'i ManuaJ of Uiiilng. .,...,...,. 

•• Uei'i Lead-smcJiJng. (Poitage pc. addlChmal) 

Xuntutdl'i Prutice of Oie Dietalog in Buropa 

O'DrlicoIl't Koici on iht Tiiiuaaat of Gold Om 

• Valke'i LectoiH on Eiploiivea. 

Wilioa'* Cyanide Woiewa 

Chlorioation ProciH 

HjrdnwUeand placer BTmlag 

Treatiie on PracticaJ iDd Tbeoielicat Mine VentllatloD 



Copalasd'a Manual of Bi 

PolwelTi Se«etagB. ( Di 

Waler-tupplT Eng:lDi 



SAjniART SCIEnCB. 



ealth.. 



T-filtrati 



Geibard's Guidi 



iotla.. 



oait-lnapcGtlon ,.^., -]6mo, i 

Goodricb'i Ecooomical Diapoial of Tottn-a RatnM Demy Svo, 3 

Hazea's Flllration of Public Water-*uppUe> Sto, 3 

Klemed'i Sewage Diapoial iimo, i 

L—cb't Tbe Inapectioa and Analriii of Food with Special Raferann to SUIB 

ContToL (/n prep^rtUion.) 
MaaoD'i WalBr-suppIr. (Cooajdered Principally fram a Sanllarr Stand- 
point.) 3d Edition, Rewritten 8vo, a 

Examination of Water. (Chemical and BacteiiologicaL) 

Merriman'i Elementi of Sanilatr Bngioeering 

Rlchola'i Watei-nipply. (Conildered Mainly from a Cbgmlcal aod Sanitarr 

Standpoint.) (18B3.) 

Ogdtn'a SeWBi Deiign 

■ PriH*B Handbook on Sanitation 

RicbanlB'i Cost of Food. A Stady In DLetaiiea 

Colt of Lining ai Modified by Sanitary IScience 

•Uchatd* and Woodman's Air. Water, and Pood from a Sanitary Sland- 

• Rlchardi and WilUaou'B Tbe DietarylComputer , 

Rideal't Sewage and Bacterial PurificatioD of Sewaga 

Tnnieaute and Rusiell'i Public Waler-auppliea 

, Whippte'i MicroKopy of Drinkiog-watet 

WoodbuU'i Boiea^and Milliary Hygiene ,, 

15 




mSCELLAHBOUS. 

Barktr't Deep-tM Sooodliici. 8vo, a oo 

Bmraons't Geological Oiiido>book of the Rocky Mottntain Bzctmkm of tho 

IntBmatioiial Congw of Oeolocists Laff* 8vo, i 90 

Perrel't Popular Treatise on the Winds. Bro, 4 00 

Hainee'e American Railway Management. ... ■ iamo» a 90 

Mott'sComposition,*l>lgestibility,andHtttritiTeValaeof Pood. Xonnted chart x as 

Fallacy of the Praeent Theory of Sonnd x6mo, x 00 

Ricketts's History of ftenwelsef Polytechnic Institute, 1834-1894. Small 8¥0, 3 00 

Rotherham's Kmpnasised Hew Testament Laxge 8vo» a 00 

Steel'* Tkvatise on the Diseases of the Dog 8vo, 3 90 

Totten's Important Question in Metrology Svo* a 50 

The World's Columbian Eiposltion of x8g3 4to, x 00 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance, 
and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital xamo, x as 

HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language Sto, 3 00 

Elementary Hebrew Grammar xamo, x as 

Hebrew Chrestomathy Sto, a 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Sc rip t ur e s . 

(Trsgelles.) SmaU 4to, half morocco, s 00 

Letteris's Hebrew Bible Rro, a as 
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